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Summary 
This study investigated the response of the macrophytes in St Lucia Estuary, northern KwaZulu-
Natal to drought. The present distribution of vegetation (2010 / 2011) was mapped and changes 
over time recorded from past aerial photographs.  The changes in macrophyte cover in response 
to environmental factors (sediment and groundwater characteristics) was measured along four 
transects in 2010 and compared with results from previous years, in 2005 and 2006.  In the 
current study, 1960 images were digitized to illustrate macrophyte distribution and cover of the 
Narrows, Makakatana and the Eastern Shores during a low rainfall period which started in 1958. 
The 2001 images were digitized to illustrate vegetation distribution and cover of the same area 
prior to the current drought which started in June/ July 2002. The 2008 images were digitized to 
illustrate vegetation distribution and cover of estuarine vegetation within the floodplain during the 
drought (after 6 years). The sites were visited in June 2011 for verification of the distribution and 
boundaries of each macrophyte habitat. The area covered by the water column varied over time.  
In 1960 during a low rainfall period the water was 32705 ha, 33320 ha in 2001 and reduced to 
30443 ha in 2008. The area cover of inundated and dry reeds fluctuated with the water level. 
Under high water levels, low-lying areas such as Fanies Island and Selley‟s Lake were flooded 
and under low water levels, intertidal sand and mudflats were exposed and colonised by succulent 
salt marsh (Sarcocornia spp. and Salicornia meyeriana). Similar conditions were observed at 
Makakatana. Mangroves were observed from the mouth to the Forks. Avicennia marina was the 
dominant mangrove species and primary colonizer of dredge spoil. The area cover of mangroves 
in the vicinity of the mouth fluctuated as a result of fluctuating water levels, dredging operations, 
excavation of the Back Channel and Cyclone Gamede which killed intertidal vegetation. Between 
2001 and 2008, mangrove expansion was faster in the Mfolozi Swamps area (± 1.4 ha yr 
-1
) 
compared to the Narrows (± 0.4 ha yr 
-1
).  
 
Long term monitoring transects were set up in 2005, at Makakatana, Charters Creek, Catalina Bay 
and at Listers Point to document changes in sediment conditions and vegetation cover. These 
were sampled in July 2005, October 2005, February 2006 and May 2010. Silt was the dominant 
particle size at Catalina Bay, Charters Creek and Makakatana. At Makakatana, average ground 
water salinity was 17.2 ± 6.6 ppt, 4.1± 4.9 ppt at Catalina Bay and 32.9 ± 19.3 ppt at Charters 
Creek. Drought resulted in the accumulation of salt on the surface sediment layer at Listers Point 
and Charters Creek due to low rainfall. Listers Point, the site with the lowest freshwater input and 
habitat diversity had the lowest macrophyte species richness with only three species. The 
dominant species at this site were Sporobolus virginicus and Chenopodium album L. which are 
highly salt tolerant species. Catalina Bay had the highest species richness (18 to 27); as a result of 
freshwater input via groundwater seepage from the sand dune aquifers on the Eastern Shores. 
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Along the Eastern Shores, vegetation was dominated by species of Cyperaceae, Juncaceae and 
Juncaginaceae. Fluctuations in groundwater depth were observed at all sites, Listers Point 
groundwater depth in February 2006 was 80 cm and the ground water level was not reached 
during the May 2010 field trip. During the May 2010 field trip, the water column salinity of the St 
Lucia system was highly variable, Makakatana had the lowest water column salinity of 7.1 ppt, 
42.1 ppt at Catalina Bay, 44 ppt at Charters Creek and Listers Point had the highest water column 
salinity of 95 ppt.  
 
An assessment of the changes in macrophyte cover along the transects showed that cover 
fluctuated in response to rainfall, water level and drought. At Listers Point, there was a continuous 
decline in the abundance of Sporobolus virginicus over time which was sparsely distributed in the 
first 40 m of the transect.  Sarcocornia natalensis, a succulent and obligate halophyte, was 
recorded, in areas with high sediment conductivity. In May 2010, bare ground increased to an 
average percentage cover of 96.5% and was covered with dead organic matter and a salt crust at 
Listers Point. At Makakatana, there was a significant decrease in bare ground from July 2005 to 
May 2010 (H = 24.58, N = 197, p<0.001) as bare areas were colonized by salt marsh. Multivariate 
analysis showed that the abundance of Sporobolus virginicus was positively influenced by 
sediment moisture content and Paspalum vaginatum abundance was strongly influenced by the 
water column salinity. At Catalina Bay, low sediment conductivity at the groundwater seepage area 
resulted in terrestrial vegetation encroaching on estuarine vegetation. Sarcocornia natalensis 
became more abundant towards the water column. During the period of study, species richness at 
St Lucia ranged from 2 (Listers Point, May 2010) to 27 (Catalina Bay, February 2006). Salinity and 
water level fluctuation have a significant impact on the distribution of macrophytes at St Lucia 
during the drought. In saline areas salt marsh plants have colonized exposed shorelines and along 
the Eastern Shores groundwater seepage has increased macrophyte species richness.  Low water 
levels have resulted in the exposure and desiccation of submerged macrophytes, which are 
replaced by macroalgae. 
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1. Chapter 1: Introduction 
There are a range of definitions for an estuary but according to the South African Water Act (No. 
36 of 1998) they have been defined as “a partially enclosed water body that is open to the sea 
permanently or periodically and within which the seawater can be diluted to an extent that is 
measurable, with freshwater drained from the land” (Taljaard et al. 2003). The majority (87 %) of 
South African estuaries are temporarily open to the sea and the remainder (13 %) are permanently 
open. According to Whitfield (1992), there are five types of estuaries in South Africa, estuarine 
bay, permanently open estuary, river mouth, estuarine lake and temporarily open/closed estuary. 
Estuaries are classified according to the state of the mouth and their size. The estuarine bays, 
permanently open estuaries and river mouths are permanently linked to the sea and estuarine 
lakes, and temporarily open/closed estuaries are periodically closed. The five types of estuaries 
differ due to mixing processes, average salinity and the amount of tidal exchange (Turpie 2004). 
Estuarine Lakes are characterized by average salinities ranging from 1 to greater than 35 ppt and 
large salinity variations as a result of freshwater input, evaporation, and the extent to which the 
lake is linked to the sea. The temperature of the water is not influenced by the temperature of 
marine or river water, but by solar heating and radiation and the area of the water exceeds 1200 
ha. Examples of South African estuarine lakes are St Lucia and Kosi estuaries (Turpie 2004).  St 
Lucia Estuary situated in northern KwaZulu-Natal, South Africa, is a shallow water body that 
experiences large fluctuations in salinity and water volume. It is the largest estuary in South Africa.  
 
St Lucia Estuary consists of North Lake, South Lake and the Narrows which connects the sea with 
the estuary when the mouth is open.  Rivers draining into the St Lucia Estuary are Mfolozi, Mkuze, 
Nyalazi, Hluhluwe, and Mzinene River; there are also freshwater seepage sites and small streams 
draining into the estuary. The physical changes within the St Lucia system influence when and 
where plants and animals occur in the system, and in what abundance they occur. The catchment 
area has a highly variable rainfall of 1000 mm yr
-1
 (Bate and Taylor 2008) and it has been 
estimated that in the past 50 to 60 years, St Lucia catchments have lost roughly 20 % of their 
mean annual runoff (van Vuuren 2009). The neighbouring Mfolozi River, which has a freshwater 
input higher than the combined input of other rivers draining in to St Lucia, lost its connection to St 
Lucia, resulting in a negative water balance (Begg 1978). Historically Mfolozi and St Lucia, had a 
common mouth (Cyrus et al. 2010) and Mfolozi was termed the „major freshwater supplier‟ (DWAF 
2004; Lawrie and Stretch 2008; van Vuuren 2009) or the „life artery‟ (van Vuuren 2009) of the St 
Lucia system, as it made a large contribution towards the water balance. The combined mouth 
was closed in the 1950‟s due to accumulation of sediment in the mouth area (Begg 1978), when 
the capacity of the  Mfolozi swamp to filter sediments was reduced due to the canalization of the 
swamp by farmers in an effort to prevent sugarcane farms from flooding. The average annual 
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evaporation of 1200 mm yr
-1
 (Bate and Taylor 2008) is highly variable and exceeds the average 
annual rainfall (1000 mm yr
-1
); the evaporation rate depends on relative humidity, temperature and 
wind (Hutchison 1974). Groundwater contributes approximately 4% towards freshwater input. The 
changes in the estuary and the sources of freshwater inflow influence the vegetation distribution. 
 
The conservation value of the iSimangaliso Wetland Park was first recognized in the mid 1800‟s 
and lead to the area being declared a game reserve in 1895 making it the oldest nature 
conservation area in Africa (Taylor 1995). In 1986 it was listed as a Ramsar Wetland of 
international importance (Cowan 1993) and was recognised as a World Heritage Site in December 
1999 due to the quality of the natural area (Leslie and Spotila 2001). Taylor (2006) described St 
Lucia Estuary as a dynamic system, controlled by numerous processes, operating at different 
temporal and spatial scales. Closure and breaching of the estuary mouth are the main drivers for 
salinity and water level changes within the system. The linkage of Mfolozi River to St Lucia 
Estuary is the leading factor influencing the freshwater-saltwater balance particularly during 
drought periods (Taylor 2006). The alterations of the Mfolozi River have influenced the mouth 
condition of St Lucia and the ecological status of the greater St Lucia system. The status or health 
of the estuary can be indicated by changes in the macrophyte vegetation, as this is the best 
component for indicating its condition (Taylor 2006). Plants are unable to relocate to escape 
unfavourable conditions and therefore adapt to prevailing environmental conditions which depends 
on the species tolerance range to these conditions. Macrophytes provide a number of important 
services in the estuarine environment (Brennan and Culverwell 2004); such as nutrient cycling and 
filtering of sediment. Macrophytes prevent erosion of areas susceptible to erosion such as slopes: 
the sediment is consolidated by the roots of these plants. At St Lucia Estuary, submerged 
macrophytes provide food (Winning et al. 1999) and refuge to juvenile fish, and thus influence the 
productivity of the aquatic system (Howard-Williams 1980).   
 
This study used Geographic Information Systems (GIS) to map the distribution of macrophyte 
habitats and changes over time in St Lucia Estuary. GIS is a method that combines layers of 
relevant data of a spatial area (Aitlenhead and Aalders 2009). GIS can be used as a tool in 
estimating vegetation cover (Bromberg and Bertness 2005; Yuan and Zhang 2008) and monitoring 
changes in vegetation (Johnson et al. 1995; Ferguson and Korfmacher 1997; Stow et al. 2004; 
Jabbar et al. 2006; Vahtmäe et al. 2006; Booth et al. 2007; Lee and Yeh 2009; Rebelo et al. 2009; 
Peijun et al. 2010; Erener 2011; Käyhkö et al. 2011). In other studies, GIS techniques are used to 
monitor changes in land use (Mapedza et al. 2003; Accad and Neil 2006; Zhang et al. 2009). 
Küchler (1967) defined vegetation as a „mosaic of plant communities in the landscape‟. Vegetation 
maps illustrate the geographical extent of plant communities and contain dominant plant 
communities of an area. Producing a vegetation map requires raw data, in the form of aerial 
images or satellite images and GIS software. The first step is obtaining sufficient data to produce 
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an accurate map as sparse data results in inaccurate maps. Lack of baseline data can be a 
limitation in GIS.  In a study conducted by Bromberg and Bertness (2005) on the loss of wetlands, 
lack of reliable baseline data and accurate maps, resulted in difficulties in accurately predicting 
changes in wetland cover. In other studies where baseline data are available, aerial photographs 
are used to verify the accuracy of the map in inaccessible areas (Rebelo et al. 2009). The second 
step is combining the dataset with the aerial image and forming a map, a ground-truth assessment 
is then carried out to verify if the map is accurate or the data was interpreted in a correct manner 
(Aitlenhead and Aalders 2009). Ground-truth assessments entail going onsite and physically 
verifying the accuracy of the map. In a study conducted by Hearn et al. (2011) the reliability of GIS 
and repeatability of vegetation classification were investigated. The investigation was carried out 
with seven surveyors who mapped the same area with the same supplementary data (maps) and 
aerial photographs. The study showed that there was a correlation between the accuracy of the 
map and the time spent by the surveyor at the study site (familiarity). During this MSc study the St 
Lucia Estuary was only visited twice, however specialist input on the vegetation mapping was 
provided by Dr Ricky Taylor (Ezemvelo- KZN Wildlife) who has been working in the area for more 
than 30 years. 
 
In mapping wetland and riparian vegetation, there is no optimal spatial resolution; the resolution is 
dependent on the aim of the study (Muller 1997). In vegetation assessments the resolution is 
dependent on factors such as the size of tree crowns, the shape and the number (diversity) of the 
different species. Low spatial resolution makes it difficult to map small patches in vegetation and to 
make detailed maps. Booth et al. (2007) showed that high resolution images were efficient in 
accurately mapping the condition of the riparian vegetation. When using historical images, the 
images must be scanned at a high resolution (400 dpi) in order not to distort the images (Kadmon 
and Harari-Kremer 1999). In the current study, detailed mapping was done at a scale of 1:1000 for 
precision, as mangrove forest canopies would be difficult to differentiate from other forests (such 
as swamp forests) at a larger scale. During four study sessions (July 2005, October 2005, 
February 2006 and May 2010), long term monitoring transects at Makakatana, Charters Creek, 
Catalina Bay and at Listers Point, were used to measure changes in vegetation cover and 
sediment characteristics. These particular areas were chosen as they were influenced by water 
level and salinity changes. Sediment samples were analysed for moisture and organic content, 
electrical conductivity and particle size. Sediment samples were collected from three zones along 
the transect at each site, at Listers Point (10, 60 and 110 m), Charters Creek (0, 30, 60 m), 
Catalina Bay (5, 20, 75 m) and at Makakatana four zones were sampled (40, 90, 170, 265 m).  
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This study investigated the response of the vegetation of St Lucia Estuary to the ongoing drought 
conditions. The objectives of the study were to; 
o Map the present distribution of vegetation (2010 / 2011) and record changes over 
time from past aerial photographs.   
o Interpret vegetation changes, such as macrophyte expansion along the eastern 
and western shores in relation to the drought periods. 
o Document the changes in macrophyte cover in response to environmental factors 
(sediment and groundwater characteristics) along four transects in 2010 and 
compare with results from previous years, in 2005 and 2006.   
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2. Chapter 2: Literature Review 
The literature review focused on available literature on St Lucia Estuary. 
2.1. St Lucia Estuary 
St Lucia was categorized as an estuarine lake by Whitfield (1992); it occurs in the subtropical 
zone, to the south the mouth is connected to the Indian Ocean by the 21 km long Narrows (Forbes 
1979). St Lucia is the largest estuary in South Africa (Bate and Taylor 2008), Natal estuaries have 
a combined area cover of 38 950 ha and St Lucia covers 30 520 ha (Moll et al. 1971). St Lucia is 
found between 27º52‟S to 28º24‟S and 32º21‟E to 32º34‟E (Begg 1978). The system is 
characterized by cyclical changes in weather. In 1955, 1963 and 1975 there were floods and from 
1949 to 1951 and between 1966 to 1970 there were drought periods. From 1969 to 1972 parts of 
the St Lucia system were saline, this resulted in many scientific studies being conducted in the 
area in order to investigate the impact of human activities on the hypersaline conditions and how 
the conditions could be remedied. St Lucia is described as „vulnerable‟ without its connection to 
Mfolozi Estuary, the net gains of the system are equivalent to net losses and the system is also 
„vulnerable‟ to hypersaline conditions during drought phases (Begg 1978). Researchers advised 
that there was a need for strategies to remedy the negative water balance. Negative water 
balance was mainly due to evaporation, afforestation, irrigation and rainfall variation (Begg 1978). 
One of the studies which have been conducted as an attempt to remedy negative water balance 
was relinking Mfolozi to St Lucia Estuary but there are limitations such as insufficient information 
on Mfolozi Estuary, on the quantity, quality and velocity of the water which will be sufficient in 
maintaining the water balance. There were also concerns of how the connection would impact on 
the flora and fauna of St Lucia. Mathematical models simulating the reference state and impacts of 
relinking Mfolozi to St Lucia at the Narrows were done by researchers (Lawrie and Stretch 2008; 
Lawrie and Stretch 2011 b). Figure 2.1 is a map of the St Lucia Catchment. 
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Figure 2.1: Catchment area of the St Lucia Estuary (Source: www.environment.gov.za). 
 
2.2. Abiotic characteristics 
2.2.1. Morphology of St Lucia Estuary  
There is seasonal variation of the extent of the estuary, during wet years the estuary covers over 
417 km
2
 (Orme 1975; Robertson 1971) and in dry years it is reduced to approximately 225 km
2
. 
The axial length of the estuary ranges from 61 to 66 km (van Der Elst 1977); it is composed of the 
Narrows which are 21 km long and a lagoon, 40 to 45 km to the north. The average depth of St 
Lucia Estuary is less than 1 m and the Narrows have a depth that ranges from 1 to 2 m (Hutchison 
1976), the original depth was 40 m (Orme 1975). Due to the shallow depth of the system there is 
vigorous circulation and turbulence and winds result in the suspension of sediment (Begg 1978). 
Excessive sedimentation is thought to inhibit the migration of fish and prawns. Lake levels have a 
significant effect on the ecological state of the system, during the closed mouth period, which 
occurred between 1951 and 1956; the lake levels were highly variable, ranging from 0.6 m below 
mean sea level to 1.06 m above mean sea level. Between March 1975 and October 1976, levels 
ranged between ± 0.1 m below mean sea level to ± 0,85 m above mean sea level. The mouth of 
St Lucia connects to the sea at the extreme end, the status of the mouth and quantity of sea water 
entering the system has a significant role on the level of the lake (Begg 1978) as it can 
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compensate for freshwater deficit. Twenty percent of the mean annual runoff (MAR) of the system 
is lost as a result of evaporation from the dams, afforestation and irrigation; this exacerbates the 
current drought condition and further degrades the system (van Vuuren 2009).  
  
Dredging operations resulted in changes in the morphology of the St Lucia Estuary. Between 1952 
and 1992, an open mouth state was maintained by means of dredging (Owen and Forbes 2002). 
This had direct impacts on the distribution of flora and fauna, the system was unstable as large 
quantities of marine sediment were scoured from the system. The rapid alteration in water quality 
(salinity) also affected fish health. The morphology of the estuary was historically altered when the 
combined mouth was separated by dredging the Mfolozi mouth 1.5 km south of the original mouth 
at Maphelane. Cyclone Domoina (1984), with large water inflow (16 000 m
3 
s
-1
) also altered the 
morphology of the Mfolozi channel, causing the river to flow along a different course. 
 
2.2.2. Geology of St Lucia Estuary  
St Lucia Estuary incises the Maputaland coastal plain, which is the southern limit of the 
Mozambican coastal plain (Botha and Porat 2007) formed between the middle Pleistocene and 
Holocene period. At Catalina Bay the dunes are estimated to be 6.6 ± 0.6 thousand
 
years. At 
Listers Point (False Bay) interglacial coral reefs were observed at 3 m amsl (Porat and Botha 
2008). The whole system, except for False Bay is composed of sand and gravel (van Zyl 1973) 
False Bay is composed of cretaceous sandstone, shale and limestone. The west coast has a 
Pleistocene barrier complex and the east coast has marshy terrain and a barrier dune separating 
St Lucia from the sea, which is approximately 170 to 188 metres above sea level. Bedrock depths 
are highly variable; they range from 8 metres at Catalina Bay to 32 metres in Hells Gate (Hobday 
1974). The bottom of the estuary is composed of soft mud, which extends to depths of 10 to 30 m, 
it is estimated that the mud in the entire system is 3115 x 10
6
 m
3
. At a depth of 8 m there is 
organic debris which is dated  at ± 3960 years before present (Begg 1978).  
 
2.2.3. Hydrology of St Lucia Estuary 
Under the reference state, the mean annual runoff (MAR) of Hluhluwe, Mkuze, Mpate, Mzinene 
and Nyalazi River was 417.89 x10
6
 m
3
, groundwater contributed 23.14 x10
6
 m
3
 and Mfolozi 920 
x10
6
 m
3
 to freshwater input during closed mouth conditions. At present, the MAR of rivers draining 
into the system has been significantly reduced by 14 % to 362.26 x10
6
 m
3
 for Hluhluwe, Mkuze, 
Mpate, Mzinene and Nyalazi River and groundwater 23.14 x10
6
 m
3
 (DWAF 2004). Rainfall 
contributes 273.25 x10
6
 m
3 
to freshwater inflow and at False Bay there are dams such as 
Hluhluwe Dam.  
8 
 
Between 1981 and 1994, precipitation contributed approximately 50 % to the freshwater input, 45 
% came from the rivers in the east and north of the catchment and 5 % came from groundwater 
(Kelbe et al. 1995 and Taylor et al. 2006 b). Groundwater from the Eastern Shores contributed two 
thirds to groundwater from the entire system. Groundwater availability is influenced by rainfall and 
drought; however groundwater supplies persist even during drought periods. It was predicted that 
groundwater would persist for approximately 13 years at Dead Tree Bay (Taylor et al. 2006 b). 
Aquifers of the Eastern Shores are highly significant, the creeks and seepage sites act as refuge 
sites during dry phases, it is therefore important that these sites remain intact. Groundwater dilutes 
the salt concentration during hypersaline phases; this is beneficial for species with low salinity 
tolerance ranges. A study by Boltt (1975) revealed that during extreme hypersaline conditions, 
high numbers of Assiminea globifera congregate at groundwater seepage sites, several thousands 
of Assiminea globifera (1 to 3 mm long) were found per square meter. In previous droughts, 
between 1970 and 1990, when the estuary mouth was kept open, hypersaline water would cover 
ground seepage sites; this was fatal for salt sensitive biota (Taylor et al. 2006 b). Due to the high 
importance of groundwater seepage site as refuge sites, vegetation at the Eastern Shores had to 
be manipulated to increase groundwater. This was done through clear felling of deep rooted trees, 
such as pine (Pinus elliottii Engelm.) which covered approximately 53 km
2
 and were replaced with 
grassland. The deep rooted trees can significantly reduce groundwater through transpiration. 
Rawlins and Kelbe (1991) suggested that clear felling of pines at the Eastern Shore would 
increase groundwater, the pine plantation has since been removed and alien vegetation was also 
replaced by indigenous grass and woody plants. Woody plants have to be managed through 
frequent fires, to depress growth and to reduce encroachment of indigenous woody plants. This 
resulted in the elevation of the water table and an increase in outflow at the seepage sites (Været 
et al. 2009).  
 
At the northern parts of St Lucia Estuary there are few freshwater seepage sites, as a result 
salinities rose to 300 ppt in January 2004, during a drought phase. However, the southern end of 
the lake had a low rise in salinity due to freshwater from abundant freshwater seepage sites, it was 
therefore suggested that groundwater played a significant role in the resilience of the system 
during drought phases (Taylor et al. 2006 b). The most important seepage zones are at Catalina 
Bay south, Catalina Bay north, Brodies Crossing, Dead Tree Bay and Tewate Bay. The simulation 
models also showed that two thirds of the groundwater entered the Indian Ocean and only one 
third entered St Lucia through the Nkazana and Tewate streams. From the study it was confirmed 
that the aquifers of the Eastern Shores were highly significant for freshwater input and the 
resilience of the system.  
 
Droughts occur in the system over ten year periods, the first severe drought occurred between 
1967 and 1972. The current drought has resulted in an increase in exposed areas along the 
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shorelines. The current drought began in 2002, resulting in many dry areas in the system, highly 
variable salinities and a drop in the water level. In other sites salt forms crystals on the surface of 
the sediment as water dries up, salt concentrations measured in sediment to a depth of 20 cm 
were beyond 2 x 10
6
 tonnes (Bate and Taylor 2008). However, rain in the summer of 2006 and 
2007 rejuvenated the rivers after approximately four years of no rain and there was a rise in water 
levels. The current drought has resulted in areas of the North and South Lake being exposed as 
the water has receded, to form compartments within the system, and no connection with the sea 
(MacKay et al. 2010). To alleviate drought, Mfolozi River must be connected to St Lucia. As an 
attempt to alleviate drought conditions, a channel was dug-up linking Mfolozi to the Narrows of St 
Lucia. The „Back channel‟ was a management strategy put in place for winter months (Cyrus et al. 
2010; van Vuuren 2009); however this strategy was partially successful as it was only successful 
for a short period until a summer flood caused sediment accumulation and breached Mfolozi 
mouth, therefore redirecting the water to the Mfolozi mouth and no longer flowing in to the 
Narrows, therefore depriving the Narrows of freshwater for restoring the water balance. 
Researchers have discovered that there is only one way of alleviating hypersaline conditions at St 
Lucia, this is through permanently connecting Mfolozi to St Lucia. The catchment also needs to be 
rehabilitated to improve water quality, however due to the rich soil and high sediment moisture 
there is bound to be resistance from stakeholders. The degraded swamp needs to be restored, as 
it will improve the water quality of the water entering St Lucia once it is functional and therefore 
reducing sediment accumulation at the mouth, contributing to long periods of mouth closure (van 
Vuuren 2009). 
  
2.2.4. Hydrodynamics and mouth condition 
In the past, the Mfolozi and the Msunduzi systems had a common mouth and an important 
relationship with the St Lucia Estuary. Mfolozi used to flow into the Msunduzi channel however, in 
1950 the systems became completely separated from the sea (Begg 1978; van Vuuren 2009).  In 
1952 Mfolozi was artificially diverted to flow directly into the sea at Maphelane, 1.5 km south of St 
Lucia. Due to sediment accumulation at the mouth, the St Lucia Estuary mouth had been closed 
for a long period, between 1951 and 1955 (five years), the flood that occurred in August 1951 
resulted in large volumes of water with high silt content entering Lake St Lucia through the estuary 
and silt deposition in areas between the mouth and the Narrows (Cyrus et al. 2010).  
 
After the mouth was separated, in 1952, there were higher incidences of closed mouth conditions, 
the first incidence occurred from September 1955 to February 1961, the mouth was artificially 
breached thrice during that period. This was followed by numerous dry periods; 1967 to 1972, 
1980 to 1984 and 1990 to 1993, during these drought periods the mouth was artificially opened, 
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resulting in adverse conditions due to the intrusion of marine sediment and seawater (Bate and 
Taylor 2008). Between the 1960‟s and 1990‟s authorities decided to keep the St Lucia mouth open 
during drought periods and there were attempts to stabilise the mouth with hard structures. This 
was completely unsuccessful because seawater replaced the lake water lost through evaporation 
and resulted in significant increases in salinity. The artificial open mouth condition in the drought 
period between 1962 and 1972 resulted in 20 million tons of salt entering the system; this was 
lethal to many plants and animals and resulted in crocodiles being airlifted to other areas (van 
Vuuren 2009). As a result of the damage caused by the saltwater intrusion, in June/ July 2002 
artificial opening and closing of the estuary mouth ceased, the mouth was maintained closed 
during the drought period. This was in an attempt to prevent saltwater and marine sediment 
intrusion; this was done to allow the system to function in a natural manner (Bate and Taylor 
2008).  
 
The common mouth was „nature‟s drought protection mechanism,‟ it was highly effective at 
alleviating drought conditions. During the drought phase, water levels of St Lucia Estuary would 
drop as a result of evaporation and water from Mfolozi River would be naturally diverted into St 
Lucia Estuary raising water levels and diluting the water, thus preventing hypersaline conditions. 
This brought stable conditions even during drought phases. In June 2002, the mouth of St Lucia 
Estuary closed naturally; this was due to water levels dropping to lower than the mean sea level 
(Bate and Taylor 2008; Cyrus et al. 2010; Lawrie and Stretch 2008 and MacKay et al. 2010). 
 
2.2.5. Water quality   
Begg (1978) described siltation as the beginning of St Lucia‟s problems; annual silt accumulation 
ranged from 0.98  x 10
6
 m
3
 to 2.0 x 10
6
 m
3
 yr
-1
. This resulted in adverse impacts on the depth: 
area ratio and thus influenced salinities. High turbidity is comparable to other KwaZulu-Natal 
estuaries; Cyrus and Blaber (1987) reported that Natal estuaries have the greatest turbidity, 
ranging from 0.5 to 1472 NTU. Siltation was as a result of the canalization of the Mfolozi swamp, 
sugarcane cultivation and sediment originating from Mfolozi which ultimately resulted in the 
closure of the mouth from the 20
th
 April 1951 to the 17
th
 April 1956. In an attempt to maintain an 
open mouth condition, hard structures were constructed on either side of the mouth (Blok 1976) 
and the mouth was frequently dredged, as tidal scour was not sufficient to remove accumulated 
sediment. The Mfolozi mouth was later diverted to the present location; this resulted in numerous 
problems as there was no freshwater to dilute salt water from the sea and scour accumulated 
sediment at the mouth of St Lucia brought by sea during flood tide. This meant that the mouth had 
to be dredged, resulting in the disposal of 10 x 10
6
 m
3
 spoil in 1975 (Blok 1976). A reduction in 
freshwater input was observed as a result of water abstractions for irrigation and dams in the 
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catchment, this reduced the velocity of floods which flush out hypersaline water from the lake. On 
the other hand there was also a decrease in groundwater seepage as a result of forest plantations 
in the catchment. The silt content of the water was further increases by mismanagement of the 
sugarcane farms (Anon. 1970). In 1969 bacteria such as Escherichia coli were detected at 
Honeymoon bend, but flushing of water was adequate to reduce their concentrations (Begg 1978).  
 
From 2002 to 2008 North Lake was extremely hypersaline; South Lake was highly estuarine and 
False Bay extremely hypersaline. As defined by Taylor (2006), highly estuarine conditions have 
salinity ranging from 46 to 65 ppt and extreme hypersaline > 65 ppt. During drought periods 
salinity can be five times higher than that of seawater. In June 2002, prevailing salinities were 35 
ppt at the time of mouth closure with 5 x 10
6 
tonnes of salt in the water. Due to drought, freshwater 
seepage from the dune and groundwater ceased at the western lake. By 2003 salinities at False 
Bay and North Lake were beyond 200 ppt and beyond 120 ppt at Charters Creek. Extreme saline 
conditions and drops in water levels resulted in adverse conditions (Cyrus et al. 2010). Figure 2.2 
illustrates average annual salinity levels (ppt) of South Lake, North Lake and False Bay from 1962 
to 2010. There have been fluctuations in the salinity and water level of St Lucia Estuary, for 
example in the Narrows, in December 1992 the salinity at the Narrows was 51 ppt under open 
mouth conditions, 29 ppt in September 1989, 0.5 ppt in March 1990, 38 ppt in February 1993 and 
40 ppt in September 1993 (Owen and Forbes 2002). Besides the Back Channel and the Linking 
Channel, which were excavated to imitate reference conditions; other means of increasing the 
water level and decreasing the water column salinity were also investigated. Between 2002 and 
2010, there has been no way of predicting how long the drought was going to last.  Extreme 
hypersaline conditions were experienced throughout the system, at False Bay salinity had risen to 
200 ppt and 130 ppt at South Lake (Cyrus et al. 2010). At Listers Point, salinities were beyond 90 
ppt in November 2004. In October 2006 salinities dropped and water levels rose due to rain. 
However, in 2006 only 10 % of the lake‟s surface area (350 km
2
) was covered by water (Cyrus et 
al. 2010; van Vuuren 2009). During this time large amounts of exposed sediment were eroded by 
wind to the surroundings (Bate and Taylor 2008) and there were fish kills. The remaining fish 
survived in areas with smaller volumes of water around the estuary (van Vuuren 2009).  
 
12 
 
 
 
Figure 2.2: Average annual salinity levels (ppt) of South Lake, North Lake and False Bay from        
1962 to 2010 (Source: Dr R. Taylor & Ms C Fox, Ezemvelo KZN Wildlife). 
 
2.3. Fauna 
There have been numerous studies on the various faunal components of the estuary. 
 
Cyrus et al. (2010) showed that there was a high density of zooplankton in the system, which 
forms part of the juvenile fish and prawn diet. Zooplankton have been found to tolerate wide 
salinity ranges, but the majority of species were not able to survive when salinities were higher 
than 80 ppt. In a study by Jerling et al. (2010) on the response of mesozooplankton to a mouth 
opening event during an extended drought period, it was shown that there was significantly higher 
abundance of mesozooplankton prior to mouth opening in March 2007. The abundance of 
zooplankton was influenced by the open mouth phase (hypersaline conditions due to sea water 
entering the system). In a study conducted by MacKay et al. (2010) species occurring in the 
system were described as opportunists or r-selected species. Generally, there was a high 
abundance of deposit feeders such as A. digitalis, G. bonnieroides and M. litoralis, it was 
suggested that this could be due to the significant role of detritus material in the system. However, 
there was a low dominance of suspension and filter feeders in the system due to poor water 
quality and high turbidity, which was hypothesized to clog the filtering apparatus of filter feeders.   
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The diversity of zooplankton in the St Lucia system has dropped due to recent hypersaline 
conditions. There was a negative correlation between the abundance of the mysids and the 
salinity (Carrasco and Perissinotto 2011).   
 
The system was of high significance in the prawn life cycle, when the mouth was open to the sea it 
was an important nursery area representing the largest estuarine penaeid prawn reserve in South 
Africa (Champion 1976; Cyrus et al. 2010). During the low salinity phases Macrobrachium 
equidens was dominant (Begg 1978), in the high salinity phases the prawn community was 
adversely affected resulting in a decline in the number of species.  
 
In a study conducted by Vivier et al. (2010), 72 fish species were observed; these were composed 
of 13 marine stragglers and 46 marine immigrants. Marine stragglers are marine species which 
are found in low abundance at the lower reaches of the estuary. The dominant fish species were 
Oreochromis mossambicus (50 %), Ambassis ambassis (14 %) and Hyporamphus capensis. The 
high abundance of O. mossambicus during closed and open mouth phases was hypothesized to 
be due to drought and hypersaline conditions. This was as a result of extended open mouth 
conditions, as the species is normally in low abundance compared to marine and estuarine 
breeding species under similar circumstances (open mouth conditions). As a result of drought; 
mouth closure, hypersaline conditions and low lake levels, there has been a decline in fish 
populations, and Oreochromis mossambicus became dominant.  
 
More than 350 bird species have been observed in the vicinity of the St Lucia system (Anon. 
1965), out of these 90 are water associated. St Lucia is the breeding place of approximately 20 
bird species (van Vuuren 2009) such as Openbill, Woodstock, and the Pink backed pelican and 
their breeding is limited to St Lucia in South Africa. The most common summer species are 
Waders and the most common winter species are Pelicans and Caspian terns (Begg 1978). The 
winter breeding Great white pelicans are observed at Selly‟s Lake, Bird and Lane Island and the 
summer breeding Pink–backed pelicans are observed at Nsumo pan, Catalina Bay and Hluhluwe 
River (Bowker and Downs 2008). Numerous species are at their most southern limit of distribution 
such as Spoonbills, White pelicans, Grey headed gulls and Caspian terns. According to Begg 
(1978) birds are adversely affected by drought; they migrate and stop breeding during drought 
phases. This was also shown by Bowker and Downs (2008), in a study where the abundance of 
Pelecannus onocrotalus fluctuated with the water levels of St Lucia Estuary.  
 
Begg (1978) referred to the crocodile population of St Lucia as „the largest and most successful 
breeding population in South Africa‟. Hypersaline conditions due to drought periods have adverse 
effects on the crocodile population resulting in adult and juvenile mortality; in the past crocodiles 
had to be airlifted to areas of safety (Begg 1978). St Lucia is the most southern breeding point for 
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Nile crocodiles in the world and is one of three largest breeding areas with six nesting sites; these 
nesting sites are found at Mpate River. A majority of the breeding sites are exposed and in sandy 
areas, however other sites have shade provided by Chromolaena odorata (L.) King & H.E Robins. 
(Leslie and Spotila 2001). Chromolaena odorata belongs to the family Asteracea; between 1975 
and 1980, Chromolaena odorata had invaded large areas in KwaZulu-Natal at an alarming rate of 
2000 % (Leslie and Spotila 2001). The high abundance of Chromolaena odorata altered the 
microclimate of nesting sites and influenced the sex ratio of Nile crocodiles. Completely sheltered 
nesting sites at a depth of 25 cm, had low temperatures ranging from 5 to 6 ºC, which is lower than 
the pivotal temperature, which ranges from 28 to 34 ºC. This would result in the high abundance of 
females, as the temperatures are much lower than the pivotal temperature of St Lucia (Hutton 
1987).  In the system, hippos were concentrated along the Eastern Shores; they play an important 
role in nutrient cycling, by releasing large quantities of plant waste in the form of faeces in the 
water and they also modify drainage lines (Begg 1978). iSimangaliso Wetland Park has the 
highest number of hippos in South Africa (Wetlands Wire 2003).  
 
2.4. Macrophyte habitats 
The composition, biomass and productivity of estuarine macrophytes are determined by 
irradiance, temperature, grazing, competition and freshwater input, which drive salinity conditions, 
sedimentation, nutrient input and the water level (Adams et al. 1999). These factors influence the 
growth and distribution of estuarine macrophytes. The structure of salt marsh is determined by the 
salinity and inundation gradient. Estuarine macrophytes have varying freshwater requirements and 
sediment stability has a significant impact on the establishment of macrophytes. There are nine 
possible macrophyte habitats in South African estuaries, namely; supratidal salt marsh, intertidal 
salt marsh, reeds and sedge, mangroves, intertidal and benthic microalgae, subtidal benthic 
microalgae, phytoplankton, macroalgae and swamp forest (Coetzee et al. 1996), all of these are 
found in St Lucia. 
 
2.4.1. Mangroves 
Mangroves are trees, which grow on coastal environments and intertidal zone of estuaries. The 
distribution of mangroves is influenced by temperature; distribution is limited to the tropical, 
subtropical and temperate regions in South Africa, where winter temperatures are not lower than 
19 °C. Mangroves grow from 5 to 50 % seawater and between mean sea level and mean high 
water spring tide level. Mangrove soils are characterised by fine sediment particles, such as silt, 
poor drainage and high organic content.  
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South Africa is the southern limit of mangroves, where seven taxa of mangroves are observed 
(Steinke 1999). Environmental conditions north of the Kei River, do not favour salt marsh growth, 
these areas have subtropical climate and mangroves proliferate in the area (Adams et al. 1999). 
Mangroves cover 1688 ha which is 0.05% of the land they cover in Africa (Adams et al. 2004). The 
largest area of mangroves in South Africa is in regions closer to the tropics such as Mhlathuze 
(625 ha) and St Lucia (279 ha) (Adams et al. 2004). Mangrove distribution in South Africa 
decreases from north to south; the northern areas have larger area cover compared to the 
southern parts of the country. Mhlathuze Estuary in KwaZulu-Natal has 80 % of the total area of 
mangroves in South Africa (Taylor, et al. 2003). Six types of mangrove species are found in South 
Africa (Taylor et al. 2003; Rajkaran et al. 2004). Rhizophora mucronata Lam. is found from Kosi to 
Bulungula River; the species dominates on muddy soil in the upper river banks, and is present in 
ten of the 37 mangrove forests in the South African coastline. Bruguiera gymnorrhiza L. Lam. is 
found in most South African estuaries, it commonly occurs between Rhizophora mucronata and 
Ceriops tagal Perr. C.B. Robinson. Avicennia marina (Forssk.) Vierh. is found throughout South 
Africa where mangroves are present, it is found on all types of substrate. The species is 
euryhaline and is tolerant to different flood regimes. Xylocarpus granatum Koen. occurs in areas 
where there is less salt water flooding, in systems governed by freshwater and often coexists with 
Avicennia marina. Xylocarpus granatum is only found in Kosi Bay, which is the southern limit of 
tropical species. Ceriops tagal is only found in Kosi Bay; it has a weak root system and does not 
exist in areas with strong waves and currents (Taylor et al. 2003). It is found in upper intertidal 
areas with thicker sediments. Lumnitzera racemosa Willd., is only found in Kosi Bay, along river 
banks with other mangrove species such as B. gymnorrhiza. Nahoon River is the southern limit of 
mangroves in South Africa (Rajkaran et al. 2004). 
 
During a vegetation study by Ward (1976), vegetation distribution was observed from photographs 
taken from aircrafts, aerial photographs and site inspections. Prior to the study, the researcher 
described information on vegetation distribution at Lake St Lucia as sparse; there was no 
information or vegetation map. Turbidity, salinity and water level fluctuation were identified as the 
most important factors influencing the distribution of macrophytes at St Lucia, leading to the 
expansion and deterioration of the species (Forbes 1979).  The mangrove community composed 
of Avicennia marina and Bruguiera gymnorrhiza along the Narrows was described (Cooper 1968; 
Tinley 1969; Ward 1976; Forbes 1979; Ward and Steinke 1982), Day et al. (1954) observed 
Rhizophora mucronata. Avicennia marina and Bruguiera gymnorrhiza from the mouth to the forks 
of the Narrows, 19 km from the mouth (Cooper 1968; Ward and Steinke 1982). In the past 
mangroves were threatened by siltation and repositioning of dredged material. Towards the 
mouth, a large area of mangroves was damaged during dredging operations, however, mangroves 
have increased in cover at the Narrows as a result of dredging operations (Forbes 1979), A. 
marina was the first mangrove species to colonize dredged spoil in areas at or close to mean sea 
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level, extending from the mouth to Potters Channel (Rogers 1974). At the Narrows and along 
Mpate River, mangrove cover decreased as a result of fire (Cooper 1968; Rogers 1974; Ward 
1976). A. marina is the most dominant species distributed along the Narrows up to the Forks and 
the lower parts of Mpate River (Ward 1976; Ward 1982). B. gymnorrhiza is observed at the first 
Narrows and along Mpate River and dominant at the Forks (Ward 1976; Ward 1982).  
 
Mangroves are associated with plants such as Hibiscus tiliaceus at the intertidal zone and Juncus 
kraussii, Sarcocornia spp., Triglochin striata and Sporobolus virginicus at the landward fringe. 
Mangroves are associated with algae of the genera Bostrychia, Calaglossa, Catenella and 
Murrayella are observed as mats on the sediment or growing on pnuematophores (Steinke 1999). 
Macrophytes can also be associated with the breeding, migration and feeding habits of wild life 
and can be used in creating a microclimate for breeding wild life. The microclimate is created by 
wind, sediment moisture, temperature and the tidal inundation, which is influenced by vegetation 
cover.   
 
Mangroves provide a large number of ecosystem services such as protecting coastlines from 
wave energy, used for fire wood (fuel), food (propagules), medicine (bark and leaves of 
mangroves are use for medicinal purposes), construction material, nurseries for fish, fish traps, 
habitat for bee pollinators and dyes and protecting aquatic ecosystems from sediment flowing from 
adjacent land (Taylor et al. 2003). Mangrove ecosystems have a significant role in nutrient cycling, 
nutrient export and sediment trapping (Traynor and Hill 2008). About 60 % of organic litter in 
tropical estuaries originates from mangroves; the litter is a primary energy source for detritus 
organisms. The mechanical breakdown of mangrove leaves by crabs and tidal action produces 
particulate organic carbon that contributes to near shore food webs in the adjacent marine 
environment (Rajkaran et al. 2004). Mangroves also function as nurseries for fish and crustaceans 
and also breeding areas for both marine and estuarine organisms. Mangrove forests have a 
diversity of habitats hosting a range of wild life; studies have shown that some species are 
dependent on mangroves for survival. The loss of mangroves has led to a decline in the 
abundance of fish species (Taylor et al. 2003). At St Lucia Estuary, total litter production is 1322.7 
t y
-1 
(Steinke and Ward 1988), 160 ha of mangroves produce 1300 t y
-1
 (Ward and Steinke 1982). 
Mangrove litter is mainly composed of propagules (48.3 %) and leaves. High mangrove litter is 
observed during warm, wetter months (Table 2.1) (Steinke and Ward 1988). Decomposing leaves 
supply nutrients to the neighbouring water column and they are a consumed by the mangrove crab 
(Sesarma species). Mangroves also trap sediment, stabilize estuary banks, and provide shelter 
and refuge to estuarine fauna (Moll et al. 1971; Ward 1976).   
 
Decrease in litter results in reduced particulate organic carbon (POC) concentrations and 
negatively affects the crabs and other animals which rely on litter as a food source (Rajkaran and 
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Adams 2007). The ecological importance of mangroves was observed Kuwait in the Arabian Gulf, 
where a mangrove plantation (Avicennia marina) was established on intertidal mudflats, once 
mangroves established there was an increase in species diversity and plant litter which supported 
the marine food web (fish and shrimps). There was an increase in the abundance of the crab 
species, Uca annulipes, snails, Cerithidea cingulata and birds such as Chandrius dubius. After two 
years, mangrove associate, Salicornia herbacea was observed at the plantation (AboEl-Nil 2001). 
 
2.4.2. Reeds and sedges 
Reeds and sedges are normally found lining estuary banks; distribution is influenced by salinity 
and the water level. Reeds are also indicators of freshwater seepage sites and have an ecological 
role in nutrient cycling; provide habitat for birds, invertebrates and fish, prevent bank erosion and 
provide food for detritus feeders and bacteria. (Adams et al. 1999).  Fluctuating water level is one 
of the factors affecting the growth of Phragmites australis (Cav.) Steud., the plant needs to be 
emergent to photosynthesize. With an increase in water level, there are morphological 
adaptations, such as elongation of the leaves and the shoot to maintain the plant emergent  
(Deegan et al. 2007). Phragmites australis is abundant along the banks of St Lucia Estuary, the 
reed swamps are very important as their decaying organic matter makes a significant contribution 
to the system through providing nutrients and aiding in trapping silt and floating debris (Begg 
1978). 
 
Macrophytes have cultural, commercial and social values.  They can filter the groundwater, in rural 
areas where groundwater is utilised as drinking water (Brennan and Culverwell 2004). At St Lucia 
Estuary, Juncus kraussii, known as „Ncema‟ in Zulu is likely to be exploited as it is harvested for 
cultural activities. In St Lucia alone, 80 000 to 120 000 kilograms (wet weight) of J. kraussii is 
harvested annually. J. kraussii is used in creating crafts such as baskets, place mats, sleeping 
mats, gifts for wedding ceremonies and strainers for traditional beer. J. kraussii is employed 
because it is more durable than Cyperus sp., which is used as a substitute. J. kraussii is harvested 
in a wasteful manner, 25 % of the cut portion is thrown away. From the late 1970‟s harvesting of J. 
kraussii was controlled, permits and levies were required for harvesting at the iSimangaliso 
Wetland Park. Prior to that a permit allowed harvesting of unlimited amounts of J. kraussii per day, 
now only one bundle is allowed per ticket. A bundle weighs approximately 20 kg; on average a 
woman harvests two to three bundles per day. The designated harvesting area is approximately a 
third of the total area covered by J. kraussii and there is rotational harvesting (Taylor 1996). 
 
Other wetland species are harvested for building material, food and crafts. At the greater Mkuze 
wetland Phragmites australis (Umshlanga) and Phragmites mauritianus are harvested for building 
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material. From 1985 to 1987, 20 ha of P. australis were harvested. Harvesting was carried out in 
accessible areas, drained areas and at close proximity to communal land. Cyperus immensus 
C.B.Clarke, Cyperus papyrus (Iduma) Cyperus textilis Thunb. (Inhlanhla), Cyperus corymbosus 
Rottb., Cyperus natalensis and Scirpus nodosus Rottb. are harvested for craftwork. Palms, 
Hyphaene coriacea Gaertn. and Phoeni reclinata Jacq. are tapped for palm wine and the leaves of 
Hyphaene coriacea  (Ilala) are used for craftwork. From 1985 to 1987, approximately 797 plants 
(25 ha) were tapped (Stormanns 1987).  
 
2.4.3. Salt marsh 
Seventy five percent of salt marsh in South Africa is observed at Langebaan Lagoon (30 %), 
Knysna Lagoon, Swartkops River, Berg River and Olifants River. Distribution of salt marsh is 
influenced by salinity and inundation, salt marsh grows in different zones which differ in tidal 
inundation and salinity. Salt marsh is observed at salinities ranging from 10 to 35 ppt, prolonged 
inundation and salinities in excess of 55 ppt result in the die back of salt marsh. Hypersaline 
conditions result in exposed saltpans. Salinity tolerance is influenced by irradiance, temperature 
and nutrient availability. Salt marsh has the following salt tolerance mechanisms; salt excretors 
with salt glands which eliminate excess salts, ion accumulation and succulence (Adams et al. 
1999). Salt marsh has an ecological role of consolidating sediment, nutrient cycling and provision 
of habitat and food for detritus feeders (Adams et al. 1999). 
 
Sedges such as Scirpus and Juncus are abundant in low lying, poor drainage sites (Tinley 1969). 
Juncus kraussii Hoschst, is observed at the vicinity of the Forks and the Narrows (Ward 1976; 
Ward 1982). Arthrocnemum natalense (Bunge ex Ung. Sternb) Moss, Arthrocnemum perenne 
(Mill.) Moss ex. Fourc, Arthrocnemum pillansii Moss, Salicornia pachystachya Bunge ex Ung. 
Sternb. and Atriplex patula L. are succulents observed along the estuary and all belong to the, 
Family Chenopodiaceae. These succulents colonize exposed saline soils in False Bay and in the 
mudflats of North Lake and are not tolerant to long periods of inundation (Berruti 1978; Ward 
1976; Ward 1982).  
 
2.4.4. Grasses 
Sporobolus virginicus L. Kunth, Paspalum vaginatum Swartz and Stenotaphrum secundatum 
(Walt.) Kuntze are the dominant halophytic grasses (Berruti 1978; Forbes 1979; Ward 1976; Ward 
1982). A study conducted at False Bay revealed that the growth of S. virginicus is controlled by 
inundation, wave action and the salinity of both the sediment and the water column. S. virginicus is 
able to tolerate salt by excreting salt crystals on the leaves. An increase in salinity results in a 
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decrease in K
+
 ions and seed germination is influenced by the salinity. Seed germination is 
significantly reduced at 15 ppt, and inhibited from 20 ppt. In a laboratory experiment S. virginicus 
seeds were treated with salinities of up to 110 ppt, a fraction of the seeds germinated due to the 
outer semi-permeable membrane covering the seeds which hinders germination under harsh 
environmental conditions. Under laboratory conditions, the viability of seeds was also not impaired 
by subjecting them to a 120 ppt solution for 7 weeks (Breen et al. 1977). S. virginicus and D. 
australe both have large papillae on the adaxial epidermis of the leaf which secretes salt (Rogers 
1974). S. virginicus grows well under freshwater, waterlogged conditions and older plants are 
more resistant to changes in salinity conditions. S. virginicus is not an obligate halophyte, it is 
observed at low lying areas exposed to fluctuating salinity and infrequent inundation as a result of 
its position in the zonation; it is a pioneer in saline soils (Breen et al. 1977; Rogers 1974). S. 
virginicus has been observed at Listers Point, extending from the forest to the water margin. It 
often occurs with Dactyloctenium australe Steud, but a monoculture of S. virginicus occurs at 
margins and low lying areas. D. australe thrives under shaded conditions and is a pioneer in sand 
dunes. Approximately a 30 m wide band of S. virginicus and D. australe was observed at False 
Bay (Rogers 1974). The distribution of S. virginicus is controlled by altitude and soil salinity. The 
distribution of D. australe is not controlled by altitude, it also occurs inland with forest vegetation 
(Rogers 1974). S. virginicus is more tolerant to hypersaline conditions compared to P. vaginatum, 
and occurs in sandy soil. However, it is observed in muddy soils, growing with P. vaginatum. P. 
vaginatum occurs in clayey soil, where hypersaline conditions are not observed. S. secundatum is 
less tolerant to hypersaline conditions and prolonged inundation compared to P. vaginatum and S. 
virginicus (Ward 1976; Ward 1982). Diplachne fusca (L.) P.Beauv. ex Roem. & Schult. is a grass 
species observed throughout the estuary shorelines, it does not tolerate high salinity conditions 
(Ward 1976; Ward 1982). P. vaginatum and S. virginicus are grazed by mammals and aquatic 
herbivores and have an ecological role of bank stabilization (Ward 1976; Ward 1982). 
 
2.4.5. Ground water fed communities 
Scirpus littoralis Schrad., is observed under freshwater conditions, at freshwater streams in the 
main lake, the Narrows, False Bay and near groundwater seepage areas (Ward 1976; Berruti 
1978; Ward 1982). Phragmites australis is highly common in the system, observed on the margins 
of the lake and islands. Reeds proliferate during low salinity periods and decrease in cover during 
periods of high salinity (Begg 1978). P. australis grows to higher than 2 m in height at Lake St 
Lucia (Berruti 1978). In the past P. australis was observed along the shore at False Bay, it was 
also observed in the main lake at the north-eastern shallows (Ward 1976; Ward 1982). 
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2.4.6. Swamp forest  
Swamp forest species such as Ficus trichopoda Baker, Barringtonia racemosa (L.) Speng, 
Voacanga and Syzyguim are found at the eastern shores (Tinley 1969). Hibiscus tiliaceus L. is 
observed along the Western Shores to below Hells Gate and on some of the islands. H. tiliaceus 
cannot tolerate basal inundation in saline water; it died on the lower mainland shore as a result of 
sea level rise (Ward 1976; Ward 1982). B. racemosa, flourishes under freshwater conditions, it is 
observed at ground water seepage sites, Dead Tree Bay and along feeder streams (Ward 1976; 
Ward 1982). Acrostichum aureum L. with B. gymnorrhiza and J. kraussii, are observed from the 
Forks area to Fanies Island (Ward 1976; Ward 1982). 
 
2.4.7. Submerged macrophytes 
Salinity, turbidity, velocity and volume of water (depth) determine the distribution of submerged 
macrophytes, high turbidity results in severe light attenuation (Adams et al. 1999). In KwaZulu-
Natal submerged macrophytes are observed in semi-permanently closed estuaries with stable 
sediment and water levels for at least a period of a year. Submerged macrophyte distribution is 
also influenced by the turbidity of the system. Submerged macrophytes have an ecological role of 
nutrient cycling, trapping suspended sediment, providing refuge for juvenile fish and food to 
invertebrates. The presence of submerged macrophytes influences species diversity and 
abundance of invertebrate species. At Richards Bay, the absence of submerged macrophytes had 
negative impacts on the abundance, of fish, resulting in the absence of species such as 
Rhabdosargus sarba (Adams et al. 1999). 
  
Submerged macrophytes are anchored on soft subtidal and intertidal substrate, the leaves are 
entirely submerged at most states of the tide. Unstable sediment conditions result in the absence 
of submerged macrophytes. The photosynthetic rate of macrophytes is reduced by epiphytic 
algae, which heavily colonize macrophytes, therefore reducing the light available for 
photosynthesis, this becomes a problem in systems with high nutrient loading. In Natal estuaries 
there is low cover abundance of submerged macrophytes due to high turbidity, but they occur in 
closed estuaries which are clear (Adams et al. 1999). Water movement has an impact on water 
clarity, sediment and mouth dynamics. Water velocity also affects the growth of macrophytes, 
water currents of greater than 1 m s
-1 
removes submerged macrophytes and at 0.5 m s 
-1
 
mechanical damage significantly reduces growth. The optimal velocity for macrophyte growth is 
below 0.1 m s 
-1
. In a study by Weisser and Howard-Williams (1982), which was conducted at the 
Wilderness Lake, it was revealed that there was a decline in the biomass of submerged 
macrophytes as a result of an increase in wave action and turbidity.     
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The most common submerged macrophytes in saline waters are Zostera capensis Setch., 
dominant from the Olifants estuary on the west coast to Madagascar, Thalassodendron ciliatum 
(Forssk.) Den Hartog, from northern KwaZulu-Natal to the tropical Indian Ocean and Halodule 
uninervis (Forssk.) Aschers, from northern KwaZulu-Natal to the tropical Indian Ocean. In waters 
with low salinity, Stuckenia pectinata (L.) Böerner is a cosmopolitan species, Ruppia cirrhosa 
Petagna (Grande) is cosmopolitan to pan temperate and Ruppia maritina L. is cosmopolitan 
occurring in less saline areas than R. cirrhosa. R. cirrhosa is found in calm waters with fluctuating 
salinities, it is most common in temporarily open estuaries (Adams et al. 1999) and in the upper 
reaches of permanently open estuaries. Submerged macrophytes have an ecological role of 
oxygenating the water column, trapping sediment and damping wave action. They improve water 
quality by reducing the sedimentation rate and they also have an ecological role of nutrient cycling. 
Submerged macrophytes such as Stuckenia pectinata obtain phosphorus from the sediment and 
release them into the water when they decay. Submerged macrophytes also provide food for 
invertebrate fauna and refuge for juvenile fish communities. This has been shown in many studies 
such as Whitfield et al. (1989), where the loss of Zostera capensis caused the disappearance of 
Rhabdosargus sarba (Forsskål), Rhabdosargus holubi (Steindachner), Acanthopagrus berda 
(Forsskål) and Pelates quadrilineatus (Bloch). In the St Lucia Estuary during Day (1948) and 
Ward‟s (1976) period of study no submerged macrophytes were observed below The Folks, high 
turbidity resulting from dredging of the mouth and high silt and clay suspended matter of water 
originating from Mfolozi were thought to be the cause. In 1959, under conditions of low salinity, S. 
pectinata was observed at the Brodie‟s Crossing area and at Selley‟s Lake. S. pectinata was also 
observed in Dead Tree Bay and the Hluhluwe River before it joined False Bay. Low salinity 
conditions between 1962 and 1965 resulted in dense beds of S. pectinata, Z. capensis and R. 
cirrhosa at South Lake, Makakatana and from the Eastern shores to west of Vincent Islands. In 
1971 R. cirrhosa was observed under hypersaline conditions of 50 ppt at North Lake (Ward 1982). 
Z. capensis and R. maritima were observed at the lower section of Southern Lake and during 
Ward‟s (1976) period of study R. cirrhosa (15 to 35 ppt) and Z. capensis were observed in the 
main lake area, from the top end of The Forks to North Lake. R. maritima is tolerant of a sandy 
substrate and low salinity conditions while Z. capensis flourishes under conditions of higher salinity 
and mud or sand substrate. Ceratophyllum demersum L. and Najas marina L. were observed at 
the edges of South Lake. Ceratophyllum demersum L. was observed under hyposaline conditions, 
at close proximity to sources of freshwater and at the estuary margins. Najas marina L. was 
observed in salinity ranging from 7.6 to 8.4 ppt (Ward 1982). 
 
Submerged macrophytes were more abundant at the northern parts of the estuary, in Riddin‟s 
(1999) period of study.  The area cover of submerged macrophytes in the St Lucia system at that 
time was 1.8 km
2 
at the water depth of 0.96 m.  The most abundant was Stuckenia pectinata, 
which thrives under salinity less than 19 ppt (Ward 1976), ranging from 2 to 15 ppt (Verhoeven 
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1980). In the southern parts of the estuary there was R. cirrhosa (Gordon et al. 2008) and near the 
sea there was Zostera capensis (15 to 35 ppt), Ruppia maritima L. and Stuckenia pectinata (< 20 
ppt) (Berruti 1978; Gordon et al. 2008; Ward 1962; Ward 1976). R. maritima has been observed in 
the shallow parts of Catalina Bay and Charters Creek. During Cyclone Gamede (2 March 2007), 
approximately 12 million tonnes of salt entered the system, resulting in hypersaline conditions. 
This had adverse impacts on the system and suppressed the growth of submerged vegetation with 
narrow salinity tolerance ranges. This was catastrophic as submerged vegetation forms part of the 
juvenile fish diet (Bate and Taylor 2008). Before the cyclone hit St Lucia, water levels were as low 
as 60 to 80 cm below sea level, when the mouth was breached, the estuary filled up with seawater 
resulting in extremely high salinities and the death of submerged vegetation such as S. pectinata 
 (Ward 1976).   
  
2.4.8. Macroalgae 
Macroalgae are observed in estuaries strongly influenced by the marine environment, such as 
Kromme and Kariega Estuaries in South Africa (Adams et al. 1999).  Macroalgae can be floating, 
intermittently exposed, submerged and attached on soft and hard substrata. Opportunistic 
macroalgal species tolerate varying salinities and are common in closed or temporarily closed 
estuaries with slow water movement (Adams et al. 1999). Algae observed were Enteromorpha 
interstinalis (Linnaeus) Nees and Nitella species (Ward 1976). The most prominent filamentous 
algae found in the shallows and on exposed tops of submerged vegetation was Enteromorpha 
(Crass 1976; Whitfield 1977; Ward 1982). Enteromorpha sp. and E. intestinalis were observed at 
the shallow edges of the lake where salinity was less than 20 ppt (Begg 1978). Nitella sp. was 
observed in freshwater conditions along freshwater streams at Southern Lake (Ward 1982). 
Caloglossa leprieurii (Montagne) J. Agardh, Bostrychia radicans (Montagne) Montagne, Bostrychia 
moritziana (Sonder ex Kϋtzing) J. Agardh, Bostrychia tangatensis Post and Polysiphonia 
subtilissima Montagne are mangrove associated red alga, observed on submerged 
pnuematophores of A. marina, knee and buttress roots of B. gymnorrhiza (Lambert et al. 1987).  
 
2.4.9. Microalgae 
Microalgae are observed suspended in water as phytoplankton, attached on rocks (epilithic) and 
sediment (epipelic flora). Distribution of phytoplankton is influenced by water movement and the 
availability of nutrients, an increase in nutrients results in increased biomass (Adams et al. 1999).  
Phytoplankton biomass is measured through chlorophyll a concentrations. Light attenuation by 
suspended sediment, ranging from 10 to 100 mg l
-1
 has a negative influence on phytoplankton 
biomass. However, due to the shallow depth of St Lucia Estuary (average depth <1 m), light does 
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not influence phytoplankton biomass; phytoplankton primary production was 218 to 252 mg C m
-2 
per day (Fielding et al. 1991). Nutrient input from agricultural activity (fertiliser through flow) also 
has a significant influence on phytoplankton biomass; high chlorophyll a concentrations were 
observed at Sundays, Gamtoos and Gqunube estuaries (Adams et al. 1999). Phytoplankton is 
mainly composed of autochthonous diatoms; they are concentrated in False Bay and North Lake. 
Noctiluca scintillans was observed in the north of St. Lucia between July and August 1969; this 
species flourishes under high salinity, high water temperatures and calm weather (Begg 1978). 
Cholnoky (1968) in his study recorded 159 diatom species, 79 were of freshwater species and 80 
were from the saline lakes. However, Johnson (1976) in his study found that neritic diatoms were 
dominant. During Bate and Smailes (2008) period of study Nitzschia dissipatoides Archibald and 
Navicula mollis had the largest contribution towards the diatom community of Charters Creek, 
Bacillaria Gmelin, Catenula (C. Mereschkowsky), Haslea (R Simonsen), Cylindrotheca (L 
Rabenhorst), Fragilariopsis (F Hustedt), Nitzschia (AH Hassall), Phaeodactylum (Bohlin), 
Pleurosigma (W Smith), Proshkinia (NI Karayeva) and Staoropsis (A Meunier) were observed in 
the system. Gordon (2005) reported 20 diatom species, which were epiphytes, these species were 
found either attached on macrophytes, in the water column or on the sediment and were an 
important food source for juvenile fish.  
 
Gordon et al.  (2008), sampled between November 2004 and October 2005. Epiphytic algae in the 
system are present in the form of cyanobacteria, diatoms, crustose and ephemeral algae. Diatoms 
were the most dominant and they were found attached on submerged macrophytes. The 
abundance of epiphytic algae was affected by physical variables such as salinity, which influenced 
species composition.  Epiphyte abundance was controlled by the abundance of the host 
submerged macrophytes as  their distribution is driven by their salinity tolerance. The drop in water 
levels had adverse impacts on epiphyte communities and resulted in the exposure and desiccation 
of submerged macrophytes, therefore resulting in a decline in the abundance and productivity of 
the epiphytic community. This is because epiphytes vary in desiccation tolerance levels; there are 
short and long hydroperiod groups. Short hydroperiod refers to species that are more tolerant to 
desiccation and long hydroperiod refers to species that are less tolerant to desiccation. The most 
dominant species of the epiphytic community were opportunistic species, which could tolerate 
wide salinity ranges (Gordon et al. 2008). Six species from the Narrows and the Southern Lake 
were dominant with a relative abundance of 85% to the epiphytic community. Amongst the most 
dominant species was Nitzschia frustulum var. perminutum Grunow which occurred at salinity 
ranging from 27 to 33 ppt and Cocconeis placentula which occurred at salinity ranging from 7 to 28 
ppt (Gordon et al.  2008). van der Molen and Perissinotto (2011) in their study reported that the St 
Lucia Estuary primary production was comparable to other KwaZulu-Natal systems such as 
Mpenjati, pelagic subsystem productivity ranged from 51 to 216 mg C m
-2 
h
-1
 and Mdloti Estuary, 
pelagic subsystem productivity ranged from 1 to 340 mg C m
-2 
h
-1 
and benthic subsystem 
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productivity range from 0 to 16 mg C m
-2 
h
-1
. At St Lucia Estuary, the primary production of the 
pelagic subsystem ranged from 0 to 180 mg C m
-2 
h
-1
 and 0 to 34 mg C m
-2 
h
-1
 in the benthic 
subsystem.   
 
2.5. Greater Mkuze Wetland 
Vegetation at the Mkuze Swamp, located north of St Lucia, is composed of 671 species, the eight 
vegetation habitats are Palmveld, Riparian forest, Floodplain grassland, Floodplain forest, sedge 
marsh, sedge and reed swamp, Forested Swamp and Saline marsh (Stormanns 1987). Vegetation 
cover is threatened by cultivation, fires, grazing cattle, harvesting, uncontrolled water abstractions, 
canalization and damming (Stormanns 1987). Local inhabitants employed fire in clearing dry 
wetland vegetation, to prepare land for agriculture and to stimulate grazing by cattle. A saline lawn 
colonized areas where dry wetland vegetation (dry Phragmites) is cleared, fires reduced the 
nutrients of the wetland area and caused desiccation of the wetland plants. The Department of 
Forestry also employed fire in containing the forest, from spreading to the wetland (Stormanns 
1987).  
 
The Cyperus papyrus L. stands at Mpempe pans have been reduced by 31 ha as a result of 
drainage to canals, the altered state resulted in the proliferation of Cynodon dactylon (L.) Pers. 
(154 ha) and 94 ha of Cyperus papyrus at the Ngwenya Flats area was displaced by Cyperus 
natalensis Hoschst. (sandy substrate) and Echinochloa pyramidalis (Lam.) Hitchc. & Chase 
(clayey substrate), which thrive under conditions of seasonal flooding. At the vicinity of Umbumbu 
pan Cyperus papyrus stands (62 ha) was displaced by Echinocloa pyramidalis and 33 % (48 ha) 
of the riparian forest at the Mkuze floodplain was cleared. In 1981, 21 ha of the riparian forest 
were converted to agricultural land at the southern bank of Mkuze River and a further 27 ha was 
removed by the local inhabitants. Cabbage, maize, beans, bananas and melons are cultivated in 
the floodplain (Stormanns 1987).      
 
The wetland vegetation is composed of Acacia xanthophloea Benth. and Ficus sycomorus L. The 
dominant swamp species are Cyperus papyrus (Forbes 1979), Phragmites mauritianus Kunth and 
Echinochloa pyramidalis (Taylor 1982), Ficus sycomorus and Ficus trichopoda are fringing the 
channel. Ficus sycomorus was also observed growing on elevated areas, which are seldom 
inundated (Patrick and Ellery 2006). Swamp forest species such as Barringtonia racemosa (L.) 
Spreng. and Ficus trichopoda dominated the Mbazwane stream (Taylor 1982). Inland there are 
plantations of pines and Eucalyptus which take up approximately 10 % of the mean annual run-off 
(MAR), Tinley (1969) hypothesized that afforestation was resulting in water scarcity during drought 
periods.  
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2.6. Conservation and management of macrophyte habitats 
2.6.1. Changes in vegetation cover over time 
From as early as 1911 there have been anthropogenic impacts on macrophyte distribution on the 
St Lucia Estuary floodplain. Macrophyte distribution was also affected by natural events such as 
Cyclone Domoina in 1984 which was the most devastating flood with peak discharges of 16 000 
m
3 
s
-1
. Table 2.1 and 2.2 is a chronology of natural and anthropogenic events which altered 
vegetation distribution of the St Lucia Estuary. 
 
Table 2.1:  A chronology of events which have influenced the vegetation of the St Lucia system. 
 
Year Event Reference 
1911 
Sugar cane cultivation was initiated on the Mfolozi swamp. This led 
to the canalization of the Mfolozi swamp area and loss of Phragmites 
and Papyrus habitat 
Taylor (1980) 
1936 
The construction of a major canal, the Warner‟s Drain, was 
completed and this removed the swamp‟s ecological function of 
filtering sediment. By the 1940„s this had resulted in high sediment 
loads entering St Lucia from the Mfolozi River. 
Taylor (2006) 
1940’s 
The Mfolozi swamp was drained to prepare the land for cultivation. 
The loss of the filtering wetland resulted in an increase in the silt 
content of the water, which later resulted in the clogging of the 
mouth. 
Anon. (1965) 
Early 
50’s 
26% of the Eastern shores was converted to a pine plantation. As 
early as March 1964, the area covered by pines was 3853 ha. The 
Department of Forestry replaced indigenous vegetation (grassland) 
with Pinus elliottii. Evapotranspiration loss was estimated to be 10 
million m
3
 per year at the 4684 ha plantation; this is detrimental, as it 
reduces groundwater seepage which aids in reducing salinity levels 
during drought periods. 
Taylor 
(1980); 
Lindley and 
Scott (1987) 
1963 
Flood: heavy rainfall flooded 15000 ha of cultivated land on the 
floodplain (sugar cane). 
Taylor (2006) 
1968- 
1971 
Drought: reed beds died as a result of extended hypersaline 
conditions.  
Ward (1976); 
Taylor (2006) 
Cyclone 
Domoina 
1984 
Discharges were approximately 16730 m
3
 s
-1
. Mangroves were 
damaged by flooding, 32.9 % of B. gymnorrhiza and 16.2 % of A. 
marina died and detritus was also lost.  The impact of Cyclone 
Domoina on the mangroves communities was observed from aerial 
images and site visits. 
Steinke and 
Ward (1989) 
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Table 2.1: Cont. A chronology of events which have influenced the vegetation of the St Lucia 
 
Year Event Reference 
Cyclone 
Imboa  
1984 
In 18 February 1984, water levels rose to over 1.7 m mean lake level 
due to heavy rainfall. Flooding destroyed the roots and the base of 
the mangroves, mangroves recovered after the mouth had been 
scoured and water had rapidly subsided. The A. marina community in 
the vicinity of the mouth, at the north bank, died.  
In 15 May 1984, B. gymnorrhiza adults, of up to 3.5 m in height died.  
Mid August 1984, adults ranging from 2 to 2.5 m died, but did not 
show signs of stress. End April 1984, dead mangrove saplings and 
Phragmites australis were encrusted by polycheates at the water 
mark (level), at the Forks which were inundated for a longer period. 
Cyclone Imboa had a long term impact on the mangrove population, 
for eight months after the flood; there was an increase in leaf litter 
and mangrove mortality. 
Steinke and 
Ward (1989) 
Cyclone 
Gamede 
2007 
On 2 March 2007, approximately 12 million tonnes of salt entered the 
system, resulting in hypersaline conditions. This suppressed the 
growth of submerged vegetation with narrow salinity tolerance 
ranges, catastrophic as submerged vegetation forms part of the 
juvenile fish diet.  
Bate and 
Taylor  
(2008) 
2007 
During the open mouth condition, species such as Sarcocornia and 
sedges sensitive to flooding and salt diminished, resulting in an 
increase in litter. Species such as Juncus kraussii and Paspalum 
vaginatum survived inundation. The inundated parts of P. vaginatum 
appeared unhealthy, with no leaves and above the water the leaves 
were healthy. At the groundwater fed sites, reeds appeared healthy 
but at the Narrows reeds were dying back. 
Taylor (2008) 
2002- 
present 
Drought: Juncus kraussii communities thrive as a result of freshwater 
input from the groundwater seepage sites and rainfall. 
The distribution of submerged macrophytes has been altered by 
fluctuations in the water column salinity and the water level. 
Submerged macrophytes are concentrated at the Narrows. 
Exposed beaches, where the water column has receded, are 
colonized by succulent saltmarsh, P. australis, Schoenoplectus 
scirpoideus, sedges and salt resistant grasses. 
 Mangrove pneumatophores are not periodically inundated at the 
Narrows; mangroves are high out of water. 
Taylor (2006) 
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2.6.2. Present ecological status and importance 
Biotic components of a system play a crucial role in determining estuarine health. In reserve 
determination studies (RDM), the biotic health score is composed of the microalgae, macrophyte, 
invertebrates, fish and birds scores. The biotic health score is added to the habitat health score, 
which is composed of the hydrology, hydrodynamics and mouth condition, water quality and 
physical habitat alteration scores. The combination of these scores determines the estuarine 
health index, which is employed in obtaining the present ecological status (PES). The PES aids in 
the process of determining the estuary health index (%). The National Water Act no. 36 of 1998, 
the act maintains the freshwater reserve into estuaries, this is essential as freshwater inflow in to 
estuaries influences the physical, chemical and biological attributes of an estuary, it is therefore 
necessary to control the amount of water taken from the aquatic environment as this threatens 
biodiversity and directly affects the economic sectors which rely on the system. The basic needs 
together with environmental needs form the reserve of water, which has to be secured before 
other demands for water can be considered. The reserve is influenced by the level of protection of 
the estuary and the determination of the reserve is important in providing sustainable water 
allocation for ecosystems and for protecting the health of aquatic ecosystems in order to ensure 
the sustainable use of water. The National Water Act no. 36 of 1998 recognizes that each estuary, 
river, wetland and groundwater area has an estimated reserve. The Act protects estuaries from a 
reduction of freshwater input as a result of abstractions, afforestation and increases in freshwater 
input due to agriculture and sewage waste. It also protects from deteriorating water quality as a 
result of improper catchment activities, which leads to increased high turbidity and a reduction in 
water quality as a result of discharged effluents. 
 
At present St Lucia Estuary has an estimated mean annual runoff (MAR) of 362.26 x10
6
 m
3
, which 
is 86% of the reference condition (417.89 x 10
6 
m
3
). Under this reference state, the MAR of the 
Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate rivers was 362.26 x 10
6
 m
3
 and 920 x 10
6 
m
3 
for 
the Mfolozi River. Freshwater inflow from both groundwater seepage (23.14 x 10
6
 m
3
) and direct 
rainfall (273.25 x 10
6
 m
3
) had a significant impact on the water reaching St Lucia Estuary. Mkuze 
has a 56 % contribution towards freshwater supply (van Vuuren 2009). During droughts periods 
the mouth is closed, a mean annual water loss due to evaporation is 420 x 10
6
 m
3
 (DWAF 2004). 
The lower than average rainfall plus the evaporation results in a drop in water level during drought 
periods. During extended drought periods (years) such as at present, the lake system almost dries 
up. In a rapid level, reserve determination study (environmental flow requirement) which was 
conducted on the St Lucia Estuary in 2004, the results showed that the estuary was largely 
modified. There was a low health index (EHI) score of 46/100, translating into a Present Ecological 
Status of D-. The low health score was the result of a series of anthropogenic factors such as the 
developments along the banks of the estuary, the drainage and canalisation of the Mfolozi swamp, 
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the construction of weirs on the Nyalazi, Hluhluwe and Mpate rivers and a reduction in bird habitat 
based on a national and international scale. All this contributed to the Present Ecological Status D- 
Category. The estuary needs to be elevated to a Category A; because it is a World Heritage Site 
(granted in November 2000) and it was also granted Ramsar status in 1991. The estuary has a 
national importance score of 92, which indicates that it is considered „Highly Important‟. As a result 
it has been ranked the 6
th 
most important system in South Africa in terms of conservation 
importance (DWAF 2004) and 1
st
 in terms of Botanical Importance Rating (Turpie et al. 2002), Fish 
Importance Rating (Turpie et al. 2002) and Bird Community Species Index (Turpie et al. 2002). 
Experts involved in the reserve determination study concluded that it would not be possible to 
reverse existing modifications to improve the ecological category to an A through river-flow 
adjustments alone. The highest ecological class that might be attained was category B. Mitigating 
actions to reverse the poor health status of the estuary could likely be achieved by addressing the 
exploitation of living resources such as fish, and investigating developments in the floodplain, 
which result in the extraordinarily high silt load to the estuary (DWAF 2004). Experts advised 
several mitigation measures to elevate the health of the system, such as reducing the sediment 
load reaching the estuary, linking the main St Lucia Estuary to the Mfolozi River and reducing or 
eliminating the fishing effort in the system (DWAF 2004). However, investigations revealed that the 
estuary is remarkably sensitive to these mitigation measures and that additional management 
plans, not only relating to flow modifications, need to be evaluated in future such as addressing 
the overexploitation of fish and macrocrustaceans (DWAF 2004). 
 
It is crucial to elevate the health of Lake St Lucia Estuary as it has a significant contribution to the 
economic wellbeing of the surrounding towns and villages. It has therefore been recommended 
(DWAF 2004) that a comprehensive economic evaluation be undertaken on the goods and 
services provided by the ecosystem, in order to assist the long-term sustainable management of 
the estuary. One of the most important ecosystem services provided by St Lucia is a nursery 
function for a number of inshore and offshore fisheries, for example the Thukela Banks prawn 
fishery. Experts recommended that a comprehensive assessment be conducted to investigate the 
occurrence and exploitation of the macro-crustaceans and fish in the system in order to assist 
National Government in its role as custodian of South Africa‟s fishery resources (DWAF 2004). 
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2.6.3. The proposed management plans to save St Lucia  
Throughout the years researchers have come up with numerous environmental management 
plans for the St Lucia system. As far back as the 1970‟s, Dutton (1970) proposed a barrier from 
Makakatana to the Eastern shores which would hinder sea water from entering St Lucia, there 
were also numerous ways of increasing freshwater supply to the estuary such as dredging a 
bypass channel through the Mkuze swamp (Alexander 1976; Cameron-Dow 1974 and Cooper 
1970) and constructing a dam at Mfolozi to link with St Lucia through the canal (Cooper 1970 and 
Mercer 1976) or Nyalazi (Bond 1973; Blok 1976; Begg 1978).  
 
Recently, one of the management actions that were investigated in order to improve the ecological 
functioning of St Lucia Estuary was a short term diversion of the Mfolozi Estuary into the St Lucia 
Estuary. The intention of this is to mitigate the impact of extreme hypersaline conditions during 
drought. At present the Mfolozi Estuary, which is isolated from the St Lucia Estuary, has no impact 
on freshwater inflow the status of the mouth. The model for the management action assumes that 
after the diversion of Mfolozi Estuary, closed mouth conditions of the combined mouth will result in 
the freshwater of the Mfolozi flowing into St Lucia and therefore diluting salinity and raising water 
levels. Under open mouth conditions it is assumed that large volumes of Mfolozi water will be lost 
to the sea by tidal exchange (Lawrie and Stretch 2008).  
 
The proposed management action will have an influence on the ecological functioning of the 
Mfolozi Estuary. Under extended periods of mouth closure the zooplankton of Mfolozi Estuary 
would experience changes in community composition. However, these will be short term impacts 
as the breaching of the mouth will result in the system rapidly reverting to its normal function. 
There will be a significant impact on the meroplankton, but the benefits of preventing hyper-saline 
conditions will outweigh any impact on the community. The closing of the mouth will have an 
insignificant impact on the low community composition of the benthic community but it would 
rapidly recover after breaching with an increase in salinities.  Macrocrustaceans and fish would 
migrate to suitable habitats within St Lucia because the Mfolozi water would be fresher. Botanical 
components will also be affected with the rise in water level and a rapid decline in salinity. 
However, due to limited data, particularly on the mangrove flora of Mfolozi, it is not known if there 
could be large stands of mangroves presently adjacent to the proposed link canal. If the 
mangroves are adversely affected it would take a long time for their recovery (Cyrus et.al. 2008).   
 
The proposed management action seems to be viable despite the short term adverse impacts on 
the flora and fauna of the Mfolozi Estuary. However, predicted impacts by experts are based on 
limited data and the actual impacts could be more detrimental. The volume of water that will be 
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diverted is not known and it is essential information because freshwater inflow and outflow 
determines the mouth condition and the level to which the water will be diluted (Cyrus et.al. 2008). 
 
A predicted impact of the proposed management action on the St Lucia Estuary is that the 
Narrows of the St Lucia Estuary will fresher. This has happened in the past and has had no 
negative impact on the faunal or floral components. Mobile fauna which are likely to be affected by 
reduced salinity are likely to migrate to saline areas in the South Lake and further north. The 
further predicted benefit of this management action on the fauna is that by reducing the salinity the 
estuary might be able to fulfill its ecological function as a corridor or a nursery area for juvenile fish 
and macrocrustacea (Cyrus et.al. 2008). Experts have provided recommendations for assessing 
the viability of the management action for future use, or as a permanent management action 
(Cyrus et.al. 2008). The recommendation was the need for regular monitoring of the chemical, 
physical and biological characteristics of the system. Lawrie and Stretch (2008), who conducted a 
study which evaluated the short term link between Mfolozi and St Lucia Estuary, had simulation 
models with various degrees of connection between the two. The scenarios ranged from 
completely separated mouths to a combined mouth. The study concluded that a combined mouth 
would result in a stable salinities and water level. The study also revealed that the separation of 
the Mfolozi mouth has resulted in a largely closed system with an unstable water level and salinity 
increasing exponentially with the dropping of the water level. In St Lucia, a monthly freshwater 
inflow of five million m
3
 via the backchannel would cover the 20 % mean annual runoff (MAR) 
reduction which is due to abstractions and would also result in an increased frequency of open 
mouth conditions. For this to be effective the mouths of both St Lucia and the Mfolozi would have 
to be closed. 
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3. Chapter 3: Materials and Methods 
3.1. Vegetation mapping  
Vegetation surrounding St Lucia Estuary was mapped and the determinants of the different 
community types identified. Knowledge about which environmental factors control each vegetation 
community assisted in predicting how vegetation will respond to changes. Figure 3.1 illustrates the 
boundaries used for the 2008 vegetation map. The boundary of the map for the north, east and 
Western Shores was the floodplain, and to the south the boundary was the north bank of the 
Mfolozi River and floodplain. Prior to mapping, there were site visits to check species composition 
at the sites where the transects were located, such as Catalina Bay, Charters Creek, Makakatana 
and at Listers Point. A comprehensive species list was compiled for the plants identified on site or 
from photographs taken of them. The species distribution was compared with those occurring in 
aerial photographs. Plants were collected and a list composed of the Family, Scientific, common 
names and GIS mapping units. 
 
In the current study, 1960 images were digitized to illustrate vegetation distribution and cover of 
the Narrows, Makakatana and the Eastern Shores during the drought which started in 1958. Aerial 
photographs from the Chief Directorate: National Geo-Spatial Information taken between June and 
July 1960 (Job No. 442), scale 1: 40 000 were georeferenced (transform a JPEG image to a 
raster) and digitised using ArcGIS 9.3 software. The 2001 images were digitized to illustrate 
vegetation distribution and cover of the same area prior to the drought which started in June/ July 
2002. The aerial photographs from the Chief Directorate: National Geo-Spatial Information taken 
in 2001 (Job No. 1045-2001), scale 1: 30 000 were also georeferenced and digitised using ArcGIS 
9.3 software. The 2008 images were digitized to illustrate vegetation distribution and cover of 
estuarine vegetation within the floodplain during the drought (after 6 years). The 2008 
georeferenced aerial images (LO2550 Umkhanyakude) from Land Resources International (Pty) 
were taken between July 2008 and August 2008, the georeferenced aerial images had the 
following metadata; D Hartebeesthoek 1994 geodetic datum and a Transverse Mercator 
projection. The central meridian was at 33.00000000 and the latitude of origin at 0.00000000.  
Detailed mapping of 2008 images was done at a scale of 1:1000 for precision, as mangrove forest 
canopies would be difficult to differentiate from other forests (such as swamp forests) at a larger 
scale. The elevation, colour and shape of canopies were also used to identify different habitats. 
The sites were visited in June 2011 for verification of the distribution and boundaries of each 
macrophyte habitat. An initial map was produced which was then used to ground-truth and verify 
accuracy and any discrepancies. Different sites; The Narrows, Forks, Brodie‟s Shallows, Fanies 
Island, Hells Gate,  Catalina Bay, Mpate River, Makakatana, and Charters Creek were visited for 
verification of the vegetation.  Oblique photographs taken on the 14
th
 of July 2008 were also used 
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to identify the different habitats. Specific sites in St Lucia were chosen for detailed mapping and 
analysis of changes over time.  These areas were chosen for investigation as they represented a 
diversity of vegetation types. The following areas were investigated; Sengwana, Fanies Island, 
Vincent Islands, Brodie‟s Shallows and Makakatana. The areas covered by the different plant 
habitat types were measured and compared for the different years (1960, 2001 and 2008). Table 
3.1 and 3.2 indicate habitat units that were used to produce the 1960, 2001 and 2008 vegetation 
maps of St Lucia Estuary. 
 
There were constraints in mapping the 1960 and 2001 aerial images; the low image resolution 
influenced the level of accuracy. Image resolution determines the clarity of the images, low image 
resolution results in low visibility. The aerial images could have also been distorted while scanning.  
There were also constraints in mapping the 2008 images. At North Lake the accuracy of the 
different habitat units would probably be limited by smoke which covered the vegetation. The 
smoke was a result of a fire which was also observed in the aerial photographs and shadows 
observed on the water column slightly resembled submerged macrophytes in the water column.  In 
other studies shadows are mitigated by taking the images at noon, when there is no cloud cover 
(Kadmon and Harari-Kremer 1999). Stained water at The Narrows and North Lake also resembled 
submerged macrophytes, stained water was observed at the shallow margins of North Lake and 
there were no submerged macrophytes north of the Brodie‟s Shallows. Figure 3.1 illustrates the 
boundaries used for the 2008 vegetation map.  Figure 3.2 illustrates the boundaries used for the 
1960 and 2001 vegetation map. The mapped area was the same as on the 2008 vegetation map, 
excluding Mfolozi Swamps and the Western Shores as the quality of the images was too poor to 
allow accurate mapping of these areas. 
3.2. Transect analysis (rainfall and sediment) 
The St Lucia Estuary was sampled in July 2005, October 2005, February 2006 and May 2010. 
Long term monitoring transects were set up in 2005, in areas affected by water level and salinity 
changes, at Makakatana (290 m long transect), Charters Creek (170 m), Catalina Bay (290 m) and 
at Listers Point (155 m). During the four study sessions, sediment was collected and vegetation 
cover was measured along these four transects. Figure 3.3 shows the location of the sites where 
transects were located. Sediment samples were analysed for moisture and organic content, 
electrical conductivity and particle size. Sediment samples were collected from three zones along 
the transect at each site, at Listers Point (10, 60 and 110 m), Charters Creek (0, 30, 60 m), 
Catalina Bay (5, 20, 75 m) and at Makakatana four zones were sampled (40, 90, 170, 265 m). An 
auger was used to collect three replicates for each sample at three depths (surface, 10cm and 
bottom). The bottom sediment sample was taken at the water table which represented the 
maximum depth.  
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Table 3.1: Habitat units used for the 1960, 2001 and 2008 maps compared with habitat units of 
Taylor (2006). 
 
Mapping Unit Comments/ Description 
Taylor (2006) Current study  
Submerged 
macrophytes 
Submerged 
macrophytes 
Characterised by Ruppia cirrhosa, Zostera capensis and 
Stuckenia pectinata. 
 
Intertidal 
vegetation 
Mangroves 
Mangroves were observed in the Narrows and mouth area 
(Avicennia marina and Bruguiera gymnorrhiza). 
 
20 % Mangrove 20 % mangrove cover, sparse 
Intertidal reeds 
Phragmites australis observed in sites with freshwater input 
at the margins, sometimes inundated. 
 
Sedges 
Sedges (Schoenoplectus scirpoides (Schrad.) Browning) 
observed at sites with freshwater input at the margins, 
sometimes inundated. 
 
Dry shorelines 
and islands 
Salt marsh 
Salt marsh is characterised by Sarcocornia species, 
Salicornia meyeriana and Atriplex patula L. 
 
Juncus kraussii 
Mainly occurring at the landward fringe of mangrove forest. 
 
Juncus kraussii 
and grass 
Mosaic of Juncus kraussii and grass, was observed in close 
proximity to the dredge spoil at Potters Channel. 
 
Grass and 
shrubs 
Sedge grass and shore slope lawn, observed in areas where 
there is no freshwater input, freshwater is provided by 
rainfall. Saline lawns are characterised by Sporobolus 
virginicus, Paspalum vaginatum and Stenotaphrum 
secundatum. 
 
Dry Phragmites 
Dry Phragmites is killed by prolonged submergence and 
hypersaline water. Pale brown in colour on aerial 
photographs. 
 
Wet shorelines 
Swamp forest 
Observed on the banks of Mfolozi Estuary, in the vicinity of 
the back channel and Narrows. Swamp forest in other areas 
along the Eastern Shores was not mapped because it did 
not fall within the 5 m contour line. 
 
Groundwater-fed 
communities 
Characterised by freshwater sedge community, wet 
Phragmites, Juncus and Schoenoplectus. 
 
Inundated reeds 
 
Reed swamp monoculture bright green in colour on aerial 
photographs, in proximity with swamp forest. 
 
Hibiscus 
tiliaceus 
 
Observed at the margins, in close proximity to mangroves 
and intertidal reeds. 
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Table 3.1: Cont. Habitat units used for the 1960, 2001 and 2008 maps compared with habitat units 
of Taylor (2006). 
 
Mapping Unit Comments/ Description 
Taylor 
(2006) 
Current study  
Water 
column 
Water column 
Open water (deep water), shallow water on the open water 
margins which was covered by submerged macrophytes was 
mapped as submerged macrophytes. 
 
Mfolozi 
Estuary 
The rivers, streams and tributaries which enter the system were 
mapped separately to avoid error in estimating the area of the 
water column. These included the Back Channel (Narrows); 
Mamba Stream (Eastern Shores); Linking Channel; Hluhluwe 
River (False Bay); Mfolozi Estuary (Narrows); Mkuze River 
(North Lake); Mpate River (Narrows); Mzinene River (False Bay) 
and Nyalazi River (False Bay). 
Hluhluwe River 
Mzinene River 
Mpate River 
Nyalazi River 
Mkuze River 
Back Channel 
Linking 
Channel 
Streams 
Development 
Jetties and 
slipways 
 
Roads 
Bridge 
Sand 
Bare ground, intertidal sand and sand banks. 
 
Mud 
non – vegetated mudflats 
 
Cultivated 
Observed in the floodplain, within the Wetland Park boundary 
especially in the vicinity of the Mfolozi Estuary banks. These are 
informal gardens, slash and burn areas and cleared areas. 
 
Coastal 
Forest 
Non estuarine Dredged spoil, coastal forest and riverine forest. 
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Figure 3.1: Boundary of the 2008 St Lucia Estuary vegetation map based on the 5 m contour line 
provided by Surveys and Mapping. 
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Figure 3.2: Boundary of the 1996 and 2001 St Lucia Estuary vegetation map based on the 5 m 
contour line. 
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3.2.1. Rainfall data 
Total monthly rainfall at St Lucia in 2005, 2006 and 2010 was provided by the South African 
Weather Services as measured at St Lucia Forest (28° 24.883'S 32° 25.220'E) 
3.2.2. Sediment particle size 
Particle size was determined according to Day (1965) Gee and Bauder (1986) whereby 40 grams 
of the sediment was dissolved in a solution of sodium hexamatephosphate by shaking at 170 rpms 
for 24 hrs. The solution was poured into a 1000 ml volumetric cylinder and filled up to the 1000 ml 
mark with distilled water. The water was mixed by a few inversions and a hydrometre was inserted 
into the solution as soon as the inversion was complete and measurements were taken at different 
times from stopping the inversion process (30 s, 60 s, 3 min, 1.5 hrs and 24 hrs). From the 
readings obtained from the hydrometre, the different particle sizes were calculated.  
3.2.3. Sediment moisture content 
Sediment samples were transported back to a laboratory where sediment moisture content, 
according to the method of Black (1965), was determined. Ten grams of each sample was added 
to a crucible and placed in a drying oven at 100 ºC for 48 hours. The samples were re-weighed 
after the 48 hour period and moisture content was determined using the following equation: 
 
Mw – Md    * 100 
     Mw 
 
Where: Mw = initial wet mass 
  Md = mass after drying 
3.2.4. Sediment organic content 
Organic content was determined according to the method of Briggs (1977). Dried soil samples 
from the sediment moisture content experiment were placed in an ashing oven at 550 ºC for 8 
hours. After 8 hours the crucibles were placed in a desiccator containing anhydrous silica crystals 
until they are cooled.  
The sediment organic content was determined using the following equation:                                                                                                                                                                                                                          
Md – Ma    * 100 
     Md 
 
Where: Md = initial dry mass 
  Ma = mass after ashing 
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3.2.5. Sediment electrical conductivity 
The sediment electrical conductivity was determined using (Barnard 1990). A soil sample was air 
dried, 250 grams of the air dried sediment was placed in a beaker and deionised water was added 
to the sediment until it is saturated. The required volume of water to reach the saturation of the 
sediment was recorded for each sample. The saturated sediment paste was left standing for 
approximately an hour before it was filtered through a Buchman filter, employing a Whatman 
No.40 filter paper. The conductivity was measured from the filtrate employing a hand held 
conductivity metre (YSI 30M/10FT).  
3.2.6. Sediment redox potential 
Sediment samples of the surface, middle and bottom sediment layers were collected from three 
zones at each site, at Listers Point (10, 60 and 110 m), Charters Creek (0, 30, 60 m), Catalina Bay 
(5, 20, 75 m) and at Makakatana at four zones were sampled (40, 90, 170, 265 m). Redox 
potential (mV) was measured in situ using a hand held redox meter (Hanna HI-98120). 
 
3.3. Groundwater analysis 
An auger was used to remove sediment until the water table was reached; the depth to the water 
table, salinity and electrical conductivity of the water table and lake water (where present) were 
measured with a YSI 30 CTD.  
 
3.4. Vegetation transect analysis 
Long term monitoring transects were also used to measure vegetation cover at  Makakatana (290 
m long transect), Charters Creek (170 m), Catalina Bay (290 m) and at Listers Point (155 m). The 
percentage vegetation cover was determined at 5 m intervals along the transect, using duplicate 1 
m
2 
quadrats. Due to the patchy distribution of vegetation at Listers Point vegetation cover was also 
measured every 5 m along the transect in four random quadrats. The mean percentage cover was 
calculated for each species. Data were expressed as vegetation cover abundance (percentage). 
Elevation was measured using a theodolite. 
 
A comprehensive species list was compiled for the plants identified on site or from photographs 
taken of them. The list was composed of the family, scientific names and the life form of the 
species. The species distribution was compared with those occurring in earlier photographs. This 
aided in predicting the response of vegetation to changes. Plants were collected and identified at 
the Ria Olivier Herbarium (PEU), Nelson Mandela Metropolitan University. 
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Figure 3.3: The sites in St Lucia Estuary where transects were sampled. 
.  
 
3.5. Data analysis 
3.5.1. Statistical analyses 
STATISTICA Version 9 was employed to analyse the data. The data were both parametric (p > 
0.05 for the Shapiro Wilks test) and non-parametric (p < 0.05 for the Shapiro Wilks test). Kruskal 
Wallis (non-parametric) and one-way Anova tests (parametric) were employed in investigating if 
the environmental data were significantly different. The Spearman‟s rank correlation was also 
employed to test for correlation between non parametric sets of data. 
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3.5.2. Multivariate analysis  
Multivariate analysis visualises the similarity of samples and species (Lepš and Šmilauer 2003) 
and summarises the impact of environmental variables on vegetation (Hejcmanovā-Nežerková 
and Hejcman 2006). Canonical Correspondence Analysis (CCA) was used to identify which 
sediment characteristics influenced the distribution of plant species more significantly than others. 
The environmental variables employed were sediment electrical conductivity, sediment organic 
content, sediment moisture content and the water column salinity. A summary table with species 
environmental correlations of all the axes were generated; Eigenvalues measured the significance 
of the ordination axis (Lepš and Šmilauer 2003). 
 
Environmental variables were illustrated by means of arrows, the length of the arrows illustrated 
the significance of the environmental variable and the direction of each arrow increases in the 
direction in which the environmental variable increases (Hejcmanovā-Nežerková and Hejcman 
2006). Arrows pointing in the same direction have a large positive correlation and arrows pointing 
in the opposite direction have a large negative correlation (Lepš and Šmilauer 2003). Distance 
between species illustrates similarity in ecological behaviour and distribution and distance 
between samples illustrates similarities in species composition. The strength of the relationship 
between the samples and environmental variables was illustrated in a biplot, using the length and 
direction of the arrow (Lepš and Šmilauer 2003). Outliers observed in ordination diagrams, 
indicate inconsistency in the data, errors which have distorted the data or an abnormal distribution 
of data (Everitt and Dunn 1991). 
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4. Chapter 4: Results 
4.1. Vegetation mapping 
4.1.1. Vegetation distribution in 2008 (Figures 4.2-4.10) 
The 2008 St Lucia vegetation map (Figure 4.2) illustrates the full extent of vegetation within the 
floodplain. The boundary of the 2008 St Lucia Estuary vegetation map is illustrated in Figure 3.1.  
Figure 4.2 also shows where Figure 4.3, 4.4, 4.5, 4.6, 4.7, 4.8 and 4.9 were located in the estuary. 
These figures represent enlarged sections of the overall map to indicate vegetation distribution at 
specific sites. The 2008 map shows large salt marsh areas at Makakatana and the Brodie‟s 
Shallows and a receding shoreline which resulted in low submerged macrophyte cover north of the 
Forks. There were large areas of the common reed Phragmites australis, lining the Narrows, 
growing on exposed intertidal mud and circular colonies of Phragmites were observed growing in 
the shallow water column. Mangroves were observed from the mouth to the Forks. Bruguiera 
gymnorrhiza was observed along Mpate River and at the Forks. Avicennia marina was the 
dominant mangrove species and primary colonizer of dredge spoil (Figure 4.10). Figure 4.1 
illustrates the legend for the 1960, 2001 and 2008 habitat maps. Reeds (inundated, intertidal and 
dry) and grass and shrubs were the most dominant habitats for all years.  
 
 
Figure 4.1: Legend for the 1960, 2001 and 2008 St Lucia Estuary habitat maps. 
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Figure 4.2: Full extent of the St Lucia vegetation (2008) within the floodplain (5 m contour line) and 
indicating the location of the Figures illustrating vegetation distribution for St Lucia Estuary. 
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Figure 4.3: North Lake, dry shorelines were the dominant vegetation type; characterised by grass 
and dry Phragmites australis (2008). 
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Figure 4.4: Extensive areas covered by dry Phragmites and non – vegetated mudflats observed at 
Fanies Island (2008). 
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Figure 4.5: The Eastern Shores with diverse vegetation types, observed at groundwater seepage 
points (2008). 
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Figure 4.6: Submerged macrophytes were only observed at Brodie‟s Shallows, in close proximity 
to The Forks of the Narrows (2008). 
 
 
 
47 
 
 
 
Figure 4.7:  Intertidal vegetation in the Narrows consisting of mangroves and Phragmites species 
(reeds at the water‟s edge). Mangroves were the dominant intertidal vegetation (2008). 
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Figure 4.8: The south boundary of the map (north bank of Mfolozi Estuary in the floodplain). 
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Figure 4.9: The Western Shores where dry shoreline vegetation characterised by Sporobolus, 
Sarcocornia and Salicornia species were common (2008). 
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Figure 4.10: Distribution of mangroves at St Lucia Estuary in 2008. 
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4.1.2. Changes over time  
Table 4.1 and Table 4.2 illustrate the area cover of habitat units for the different years for the 
Eastern Shores, Narrows, Western Shores and the Mfolozi Swamp. Asterisks (*) indicate areas 
(Mfolozi Swamps and the Western Shores) not mapped in 1996/ 2001, as the quality of the 
images was too poor to allow accurate mapping of these areas. Under high water levels a narrow 
fringe of groundwater-fed communities were observed along the Eastern Shores (1960 and 2001). 
In 1960, the dominant plant habitat was dry Phragmites (43.2 %) and the least abundant was 
intertidal Phragmites (0.3 %). In 1996 (Taylor 2006), the dominant plant habitat was dry 
Phragmites (30 %) which was also dominant (dry Phragmites 47.7 %) in 2001 and the least 
abundant was mangroves (0.009 %). In 2008, under low water levels there was a clear boundary 
between the groundwater-fed communities, stagnant freshwater and groundwater-fed 
communities were observed on areas where the water had receded. In 2008, the dominant plant 
habitat was dry Phragmites (62.5 %) and the least abundant were mangroves, (0.01 %). At the 
Catalina Bay Jetty heavy rain between October 2010 and January 2011 resulted in an increase in 
the water level, decrease in the water column salinity and succulent salt marsh dying back. 
Mamba Point had similar species as Catalina Bay. The dominant species at both sites were 
sedges and Juncus kraussii.   
 
At the Narrows in 1960, the dominant plant habitat was dry Phragmites (34.5 %) and the least 
abundant was grass and shrubs (2.37 %). In 2001, the dominant plant habitat was dry Phragmites 
(28.21%) and the least abundant was inundated Phragmites (0.14 %). In 2001, pine plantations 
were observed at close proximity to the Oxbow (Narrows). The removal of pine plantations at the 
Eastern Shores had started in the early 1990‟s and was completed in 2007. The re-growth and 
expansion of woody plants was suppressed by fire. In 2008, the dominant plant habitat was dry 
Phragmites (28.08%) and the least abundant were sedges (0.02 %). At Mfolozi Swamps, the 
dominant plant habitat was swamp forest (39.8 %) and the least abundant was the Casuarina 
equisetifolia community (0.08 %). Along the Narrows and at the Mfolozi Swamps a large area of 
mangroves was damaged during dredging operations; however, mangroves have increased in 
cover at the Narrows as a result of dredging operations (Forbes 1979), this was observed north of 
the mouth. An increase in mangrove cover was observed at the Narrows and Mfolozi Swamps. 
Between 2001 and 2008, mangrove expansion was faster in the Mfolozi Swamps area (± 1.4 ha yr 
-1
) compared to the Narrows (± 0.4 ha yr 
-1
).  
 
In June 2011, at Hells Gate (Western Shores) grass was highly dominant; an alien invasive, 
Chromolaena odorata was also common. A small patch (± 30 individuals) of Phragmites 
mauritianus was observed at the site as a result of freshwater input from Mkuze River.   
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Table 4.1: Area covered by the different habitat units at the Eastern Shores, Narrows and Western 
Shores. 
Location Habitat unit 
Area (ha) 
1960 2001 2008 
Eastern Shores 
Dry Phragmites 3393.1 3752.4 4914.8 
Grass and shrubs 587.0 557.1 821.2 
Groundwater-fed communities 204.8 62.2 115.8 
Intertidal mudflats 15.3 4.6 1042.9 
Intertidal Phragmites 23.9 18.6 36.2 
Inundated Phragmites 1310.0 1019.5 16.0 
Juncus kraussii & grass 0 3.9 4.0 
Mangrove 0 0.7 0.8 
Salt marsh 0 21.2 617.1 
Sand 16.2 0.9 257.7 
Submerged macrophytes 62.2 0 19.3 
Water 2247.6 2419.1 14.5 
Total   7860.2 7860.2 7860.2 
Narrows 
Back Channel 0 1.9 1.3 
Dredge spoil  43.7 123.8 131.2 
Dry Phragmites 457.1 374.4 372.6 
Grass and shrubs 31.4 71.3 63.3 
Hibiscus tiliaceus  6.5 8.0 8.6 
Intertidal Phragmites 6.6 27.6 117.5 
Inundated Phragmites 0 1.9 0.6 
Juncus kraussii  206.1 178.0 196.8 
Linking Channel 0 19.6 13.5 
Mangrove 246.5 289.8 304.1 
Mpate River  8.5 8.9 2.2 
Sand 29.4 24.5 114.9 
Sedges 0 0 0.2 
Water 291.1 197.2 0 
Total   1326.9 1326.9 1326.9 
Western Shores  
Cultivated * * 518.3 
Dry Phragmites * * 629.4 
Grass and shrubs * * 1336.2 
Groundwater-fed communities * * 4.1 
Hluhluwe River * * 31.5 
Intertidal mudflats * * 580.8 
Intertidal Phragmites * * 41.1 
Inundated Phragmites * * 185.5 
Juncus kraussii & grass * * 0.03 
Mkuze River * * 8.04 
Mzinene River * * 77.05 
Nyalazi River * * 25.8 
Salt marsh * * 385.0 
Sand * * 159.1 
Total   * * 3981.9 
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Table 4.2: Area covered by the different habitat units at the Mfolozi Swamp. (* areas not mapped). 
Location Habitat unit 
Area (ha) 
1960 2001 2008 
Mfolozi Swamps 
Cultivated * * 162.1 
Casuarina equisetifolia * * 1.0 
Dredge spoil * * 82.9 
Dry Phragmites * * 57.1 
Grass and shrubs * * 120.7 
Intertidal Phragmites * * 26.2 
Inundated Phragmites * * 225.5 
Juncus kraussii  * * 9.0 
Juncus kraussii & grass * * 46.6 
Sedges * * 6.1 
Swamp forest * * 486.3 
Total   * * 1223.4 
 
4.1.3. Changes over time (specific sites) 
The following sites were chosen for investigation as they represented a diversity of vegetation 
types; Sengwana, Fanies Island, Vincent Islands, Brodie‟s Shallows and Makakatana. The areas 
covered by the different macrophyte habitat types were measured and compared for the different 
years (1960, 2001 and 2008). Figure 4.11 illustrates those sites which were investigated for 
changes in vegetation cover over time in response to drought. The changes for the different years 
are shown in Figures 4.12-4.16. The system has shown variation in the area covered by the water 
column. In 1960 during a low rainfall period the water was 32705 ha, 33320 ha in 2001 and 
reduced to 30443 ha in 2008. The area cover of inundated and dry reeds fluctuated with the water 
level. Under high water levels, low-lying areas such as Fanies Island and Selley‟s Lake were 
flooded and under low water levels, intertidal sand and mudflats were exposed and colonised by 
succulent salt marsh.  
 
At Sengwana (Figure 4.12), grass and dry Phragmites australis were observed in 1960, 2001 and 
2008. In 1960, dry Phragmites (66.2 %) was the dominant plant habitat and intertidal Phragmites 
(2.0 %) was the least abundant. Due to high water levels, in 2001 there was a narrow band of 
exposed non–vegetated mud; grass and shrubs (59.1 %) was dominant and intertidal Phragmites 
(1.3 %) was the least abundant habitat. During low water levels (2008) grass and shrubs (76.2 %) 
was increasingly dominant and intertidal Phragmites (4.5 %) was the least abundant. A 
comparison between 1960 and 2008 indicates that there was a significant increase in grass and 
shrubs (87.2 ha) and a decrease in intertidal Phragmites (1.4 ha). From 2001 to 2008 a significant 
increase in grass of 36 ha (5.1 ha yr 
-1
) and 6.8 ha of intertidal Phragmites was observed at 
Sengwana.  
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Figure 4.11: Areas investigated for changes in vegetation cover over time in response to drought.   
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Under high water levels (1960 and 2001) low-lying mudflats were inundated with shallow pools of 
water at Fanies Island (Figure 4.13). In 1960 inundated Phragmites (54.8 %) was dominant and 
dry Phragmites (5.1 %) was the least abundant macrophyte habitat at Fanies Island. In 2001 
inundated Phragmites (51.4 %) was the dominant plant habitat and grass and shrubs (0.04 %) 
were the least abundant. During low water levels (2008), there was a significant decline in 
inundated Phragmites, water and a significant increase in salt marsh of 8.5 ha (1.2 ha yr 
-1
) on 
exposed intertidal mudflats.  Dry Phragmites australis was dominant (86.9 %) and patches of non–
vegetated mudflats (163.8 ha) were observed, which were sometimes colonised by succulent salt 
marsh (Figure 4.17 B). Large areas of dry reeds were observed at Fanies Island and Selleys‟s 
Lake in 2008.  
 
At Vincent Islands (Figure 4.14), in 1960 saline lawns (42.9 %) were dominant and inundated 
Phragmites (7.3 %) was the least abundant. In 2001, saline lawns (32.7 %) were dominant and dry 
Phragmites (4.4 %) was the least abundant. As a result of a decrease in the area covered by 
water from 2001 to 2008 there was a significant increase of 15.9 ha (2.3 ha yr 
-1
) in saline lawn 
and 5.3 ha yr 
-1
 of sand. At Brodie‟s Shallows (Figure 14.15), under high water levels (in 1960), 
submerged macrophytes (14 %) were the dominant plant habitat. In 2001, grass and shrubs (6.4 
%) was the dominant plant habitat. From 2001 to 2008 succulent salt marsh was a pioneer of 
exposed shorelines, there was a significant increase of 343.2 ha (49 ha yr 
-1
) salt marsh
 
and 78.8 
ha (11.3 ha yr 
-1
) of exposed sand due to the water column receding. In 2008 and 2011 clusters of 
succulent salt marsh, such as Sarcocornia spp. and Salicornia meyeriana were observed under 
extreme low water level conditions and growing on the exposed estuary bed. Similar conditions 
were observed at Makakatana (Figure 4.16); vegetation was dominated by Sporobolus virginicus, 
Sarcocornia natalensis and Salicornia meyeriana. From 2001 to 2008, there was a significant 
increase in succulent salt marsh (75.1 ha) and exposed sand (39.0 ha). 
 
Table 4.3 illustrates area cover of habitat units in 1960, 2001 and 2008 for areas chosen for 
detailed investigation, which represented a diversity of vegetation types and illustrated the 
changes in the estuary in response to drought and low water level. Table 4.4 shows statistical 
results of Kruskal-Wallis tests (H value and significance: * p < 0.05; ** p <0.01 and *** p< 0.001) 
comparing area cover of habitat units in 1960, 2001 and 2008. These data indicated that there 
were significant changes in the area covered by the dominant habitat types at all sites 
investigated. In 2001, P. australis was inundated and shallow water was observed on the low lying 
mudflats of Fanies Island. In 2008 there was a decrease in dry P. australis and saline lawn 
expansion was observed at Sengwana. At Makakatana and Brodie‟s Shallows there were low 
water levels, sparse salt marsh was observed on exposed sand at both sites (Table 4.3).  
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Table 4.3: Area covered by the different habitat units at selected areas. 
Location Habitat unit 
Area (ha) 
1960 2001 2008 
Sengwana 
Dry Phragmites 140.3 36.7 27.1 
Grass and shrubs 38.0 125.3 161.3 
Intertidal Phragmites 4.2 2.8 9.6 
Intertidal mudflats 4.5 2.5 13.8 
Water 24.8 44.6 0.02 
TOTAL 
 
211.8 211.8 211.8 
Fanies Island 
Dry Phragmites 72.8 75.5 1239.8 
Grass and shrubs 0 0.6 1.4 
Non vegetated mudflats 0.03 0.6 163.8 
Inundated Phragmites 781.4 732.9 0 
Salt marsh 0 0 8.5 
Water 572.5 617.1 13.1 
TOTAL 
 
1426.7 1426.7 1426.7 
Vincent Island 
Dry Phragmites 0 3.8 3.4 
Grass and shrubs 37.1 28.3 44.2 
Inundated Phragmites 6.3 0 0 
Salt marsh 0 0 0.2 
Sand 0.2 0.2 37.2 
Water 42.8 54.1 1 
TOTAL 
 
86.5 86.5 86.5 
Brodie‟s Shallows 
Grass and shrubs 60.0 28.2 0 
Intertidal Phragmites 0 0 2.7 
Salt marsh 0 0 343.2 
Sand 0 0 78.8 
Submerged macrophytes 62.2 0 19.3 
Water 321.7 415.7 0 
TOTAL 
 
444.0 444.0 444.0 
Makakatana 
Grass and shrubs 26.8 23.5 0 
Salt marsh 0 0 75.1 
Sand 0 0 39.0 
Water 87.3 90.5 0 
TOTAL 
 
114.0 114.0 114.0 
  
Table 4.4: Results of Kruskal-Wallis, areas covered by the different habitat units compared for the 
different years at Sengwana, Fanies Island, Vincent Islands, Brodie‟s Shallows and Makakatana 
(H value and significance: * p < 0.05; ** p <0.01 and *** p< 0.001). 
Site 
 
Habitat unit (ha) 
Grass & 
shrubs 
Intertidal 
mudflats 
Inundated 
Phragmites 
Salt marsh Sand Water 
Sengwana 
 
8.22* 
 
11.64* 
    
23.39*** 
 
Fanies Island 
  
185.53*** 
 
9.85* 
 
18.97*** 
  
149.97*** 
 
Vincent Islands 
 
7.77* 
    
54.94*** 
 
56.78*** 
 
Brodie's Shallows 
    
41.69*** 
 
75.79*** 
 
89.95*** 
 
Makakatana 
6.50* 
   
126.95*** 
 
21.81*** 
 
105.79*** 
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Figure 4.12: Sengwana in (A) 1960, (B) 2001 and (C) 2008. 
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Figure 4.13: Fanies Island in (A) 1960, (B) 2001 and (C) 2008. 
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Figure 4.14: Dry Phragmites and saline lawn, observed at Vincent Island in (A) 1960, (B) 2001 and (C) 2008.  
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Figure 4.15: Brodie‟s Shallows in (A) 1960, (B) 2001 and (C) 2008. 
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Figure 4.16: Makakatana in (A) 1960, (B) 2001 and (C) 2008.
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Figure 4.17. Vegetation distribution during drought and low water levels, (A) Sengwana on 22 
June 2009; (B) Fanies Island on 3 July 2008; (C) Vincent Islands on 21 January 2009; (D) Brodie‟s 
Shallows on 22 June 2009; (E) Makakatana on 22 June 2009. Source: R Taylor. 
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Figure 4.18 (A) Clusters of saline grass were observed under extreme low water level conditions 
at the Brodie‟s Shallows (Photo R Taylor, 21 January 2009); (B) Stained water observed at the 
estuary margins, especially along the Narrows were mainly as a result of hippos mixing the 
shallow water column (Photo R Taylor, 7 March 2008); (C) A ground water-fed vegetation 
community observed at False Bay (Photo R Taylor, 22 June 2009); (D) Ground water-fed 
vegetation community along the Eastern Shores observed between Fanies Island and Tewate Bay 
(Photo R Taylor, 21 January 2009); (E) Ground water-fed community at Tewate Bay (Photo R 
Taylor, 7 March 2008).  
A B 
C 
E 
D 
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4.2. Transect analysis (rainfall and sediment) 
4.2.1. Rainfall data 
Figures 4.19 illustrates rainfall data collected from St Lucia Forest in 2005, 2006 and 2010. Data is 
presented in total monthly rainfall, in July 2005 it was 17.3 mm and in October 2005, there was an 
increase in rainfall to 76.1 mm. In February 2006, rainfall was 116.6 mm, and in May 2010 rainfall 
was 29 mm. July 2006 is blank because no rain fell in that month and in 2010 rainfall data was not 
available for months beyond May. The mean rainfall in 2005 was 75.0 ± 16.2 mm; 109.9 ± 16.17 
mm in 2006 and 102 ± 19.0 mm in 2010 (January to May). 
 
 
 
Figure 4.19: Total monthly rainfall at St Lucia in 2005, 2006 and 2010 (Arrows indicate sampling 
dates, rainfall data provided by South African Weather Services as measured at St Lucia Forest).
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4.2.2. Sediment particle size  
Sediment particle size was only sampled for the different sites in May 2010. The surface sediment 
at Listers Point, Catalina Bay and Makakatana had a significant difference in the sand (F = 8.41, df 
= 35, p< 0.05), silt (H = 15.86, N = 39, p<0.05) and clay particle size (H = 12.69, N = 39, p<0.05). 
At Charters Creek, there was no significant difference in the sand, silt and clay sediment 
component of the surface sediment. The middle sediment at all sites had a significant difference in 
the sand (H = 20.38, N = 39, p< 0.001), silt (H = 20.13, N = 38, p<0.001), and clay particle size (H 
= 19.42, N = 38, p< 0.001). The bottom sediment at all sites had a significant difference in the 
sand (H = 16.09, N = 28, p< 0.05), silt (H = 15.45, N = 28, p< 0.05) and clay particle size (H = 
14.4, N = 28, p< 0.05). 
 
Figure 4.20 illustrates sediment particle size at Listers Point, 10, 60 and 110 metres along the 
transect. At all the sediment layers, sand (H = 4.49, N = 25, p> 0.05), silt (H = 2.41, N = 25, p> 
0.05) and clay particle size (H = 3.65, N = 25, p> 0.05) were not significantly different.  
 
 
 
Figure 4.20: Sediment particle size at Listers Point, 10, 60 and 110 m along the transect 
(Abbreviations: T = top, M = middle and B = bottom). 
 
Figure 4.21 illustrates sediment particle size at Catalina Bay, 5, 20 and 75 metres along the 
transect. At all the sediment layers, sand particle size (H = 6.84, N = 21, p< 0.05) was significantly 
different and the silt (H = 4.21, N = 21, p> 0.05) and clay particle size (H = 3.82, N = 21, p> 0.05) 
were not significantly different. Silt was the dominant particle size. 
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Figure 4.21. Sediment particle size at Catalina Bay, 5, 20 and 75 m along the transect 
(Abbreviation: T = top, M = middle and B = bottom) 
 
Figure 4.23 illustrates sediment particle size at Makakatana, 40, 90, 170 and 265 metres along the 
transect. At all the sediment layers, sand (H = 5.29, N = 32, p> 0.05), silt (H = 3.53, N = 32, p> 
0.05) and clay particle size (H = 3.4, N = 32, p> 0.05) were not significantly different. Silt was the 
dominant particle size. 
 
 
Figure 4.22. Sediment particle size at Charters Creek, 0, 30 and 60 m along the transect 
(Abbreviations: T = top, M = middle and B = bottom).                       
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Figure 4.23 illustrates sediment particle size at Makakatana, 40, 90, 170 and 265 metres along the 
transect. At all the sediment layers, sand (H = 5.29, N = 32, p> 0.05), silt (H = 3.53, N = 32, p> 
0.05) and clay particle size (H = 3.4, N = 32, p> 0.05) were not significantly different. Silt was the 
dominant particle size. 
 
 
 
Figure 4.23. Sediment particle size at Makakatana, 40, 90, 170 and 265 m along the transect 
(Abbreviations: T = top, M = middle and B = bottom). 
 
4.2.3. Sediment moisture content 
In February 2006 the sediment moisture content of all sites was significantly lower compared to 
other study sessions, (Listers Point (H = 26.76, N = 82, p<0.001), Catalina Bay (H = 41.30, N = 72, 
p<0.001), Charters Creek (H = 55.59, N = 90, p<0.001) and Makakatana (H = 57.06, N = 107, 
p<0.001)). 
 
Figure 4.24 illustrates sediment moisture content at Listers Point; 10, 60 and 110 metres along the 
transect in July 2005, October 2005, February 2006 and May 2010. At 10 m, a significant increase 
in the moisture content of the surface sediment layer was observed from February 2006 to May 
2010 (F = 7.83, df = 6, p <0.05). The moisture content of the middle sediment, 25 cm in depth, was 
significantly reduced from July 2005 to February 2006 and increased from February 2006 to May 
2010 (F = 48.19, df = 6, p<0.05).      
At 60 m along the transect, a significant decrease in sediment moisture content at the surface was 
observed from July 2005 to May 2010 (F = 24.77, df = 6, p<0.05), similar conditions were 
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observed in the middle sediment layer (F = 10.73, df = 6, p<0.05). The bottom sediment layer, 54 
cm in depth, significantly decreased in moisture content from July 2005 to February 2006 and 
increased from February 2006 to May 2010 (F = 6.79, df = 6, p<0.05). 
 
Surface sediment moisture content at 110 m significantly decreased from July 2005 to February 
2006 and an increase was observed from February 2006 to May 2010 (F = 231.06, df = 6, p 
<0.05). No significant difference in sediment moisture content was observed in the middle (H = 
6.75, N= 10, p>0.05) and bottom sediment layer (H = 7.4, N = 10, p>0.05). 
 
At Catalina Bay, samples were collected at 5, 20 and 75 metres along the transect in July 2005, 
October 2005, February 2006 and May 2010. At 5 m, no significant difference in sediment 
moisture content was observed at the surface (H = 7.33, N = 10, p> 0.05) and middle sediment 
layer (F = 2.69, df= 5, p>0.05). The moisture content of the bottom sediment layer was significantly 
reduced from July 2005 to February 2006 and increased from February 2006 to May 2010 (F = 
122.42, df = 6, p<0.05). At 20 m, the moisture content of the surface sediment layer was 
significantly reduced from July 2005 to February 2006 (F = 23.51, df = 6, p<0.05) moisture content 
in the middle sediment layer remained similar throughout the study (F = 0.56, df = 6, p>0.05). At 
75 m, moisture content was similar in the middle (H= 6.5, N =10, p>0.05) and bottom (H= 5.22, N= 
8, p> 0.05) sediment layers.  
 
At Charters Creek, samples were collected at 0, 30 and 60 metres along the transect in July 2005, 
October 2005, February 2006 and May 2010. At 0 m, moisture content was similar in the surface 
sediment layer for all sampling sessions (H = 6.5, N = 10, p>0.05). While the moisture content of 
the middle sediment layer was significantly reduced during the entire sampling period (H = 8.35, N 
= 10, p<0.05). Moisture content of the bottom sediment layer was significantly reduced from July 
2005 to February 2006 and increased from February 2006 to May 2010 (F = 8.9, df = 6, p<0.05). 
At 30 m along the transect, no significant difference in moisture content was observed in the 
surface sediment layer (H = 5.8, N = 10, p>0.05). Moisture content of the middle sediment layer 
was significantly reduced from July 2005 to February 2006 (F = 26.39, df = 6, p<0.05) and 
increased from February 2006 to May 2010 (F = 26.39, df = 6, p<0.05). Moisture content of the 
bottom sediment layer was significantly reduced from July 2005 to February 2006 and increased 
from February 2006 to May 2010 (F = 29.72, df = 6, p<0.05). 
 
At 60 m along the transect, the moisture content of the surface sediment layer was significantly 
reduced from July 2005 to February 2006 and increased from February 2006 to May 2010 (F = 
12.95, df = 6, p <0.05). No significant difference in moisture content was observed in the middle (H 
= 6.89, N = 10, p> 0.05) and bottom sediment layer (H = 6.89, N = 10, p>0.05). 
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At Makakatana samples were collected at, 40, 90, 170 and 265 metres along the transect in July 
2005, October 2005, February 2006 and May 2010. At 40 m, the moisture content of the surface 
sediment layer was significantly reduced from July 2005 to February 2006 (F = 9.94, df = 6, 
p<0.05). The moisture content of the middle sediment layer was significantly reduced from July 
2005 to February 2006 and increased from February 2006 to May 2010 (H = 8.35, N = 10, 
p<0.05). Moisture content was similar the bottom sediment layer (F = 0.69, df = 6, p >0.05).   
At 90 m, no significant difference in moisture content was observed in the surface sediment layer 
(F = 1.66, df = 6, p>0.05). The moisture content of the middle sediment layer was significantly 
reduced from July 2005 to February 2006 and increased from February 2006 to May 2010 (H = 
8.35, N = 10, p<0.05). No significant difference in moisture content was observed in the bottom 
sediment layer (H = 7.04, N = 9, p>0.05). At 170 m, the moisture content of the middle sediment 
layer was significantly reduced from July 2005 to February 2006 and increased from February to 
May 2010 (F = 79.19, df = 6, p<0.05). The moisture content of the bottom sediment layer was 
significantly reduced from July 2005 to February 2006 and increased from February to May 2010 
(F = 15.69, df = 4, p<0.05). 
 
At 265 m along the transect, the moisture content of the surface sediment layer was significantly 
reduced from July 2005 to February 2006 (F = 7.59, df = 6, p<0.05). No significant difference in 
moisture content was observed in the middle sediment layer (H = 5.14, N = 7, p >0.05).  
 
 
 
Figure 4.24: Sediment moisture content at Listers Point; 10, 60 and 110 m along the transect (bars 
indicate ± SE, n variable). 
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Figure 4.25:  Sediment moisture content at Catalina Bay, 5, 20 and 75 m along the transect (bars 
indicate ± SE, n variable). 
 
 
 
Figure 4.26:  Sediment moisture content at Charters Creek, 0, 30 and 60 m along the transect 
(bars indicate ± SE, n variable). 
71 
 
 
 
Figure 4.27: Sediment moisture content at Makakatana, 40, 90, 170 and 265 m along the transect 
(bars indicate ± SE, n variable). 
 
4.2.4. Sediment organic content 
At Listers Point, the surface (r = 0.76, N = 30, p< 0.05), middle (r = 0.74, N = 30, p< 0.05) and 
bottom sediment layer (r = 0.83, N = 22, p< 0.05) had a significant correlation between sediment 
moisture and organic content (Table 1, Appendix 1).  At Catalina Bay, the surface (r = 0.49, N = 
30, p< 0.05) and bottom sediment (r = 0.75, N = 22, p< 0.05) had a significant linear relationship 
between sediment moisture and organic content (Table 2, Appendix 1). At Charters Creek, the 
surface (r = 0.46, N = 30, p< 0.05), middle sediment (r= 0.66, N = 30, p< 0.05) and bottom 
sediment (r = 0.7, N = 30, p< 0.05) had a significant correlation between moisture and organic 
content (Table 3, Appendix 1). At Makakatana, there was a significant correlation between 
sediment moisture and organic content at the surface (r = 0.33, N = 40, p< 0.05) (Table 4, 
Appendix 1). 
 
At Listers Point samples were collected at 10, 60 and 110 metres along the transect in July 2005, 
October 2005, February 2006 and May 2010. At 10 m, no significant difference in organic content 
was observed in the surface sediment layer (H = 6.018, N = 10, p>0.05). At 60 m, the organic 
content of the surface (H = 8.05, N = 10, p<0.05), middle (F = 13.02, df = 6, p<0.05) and bottom 
sediment layer (F = 4.62, df = 6, p< 0.05) significantly increased from February 2006 to May 2010. 
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At 110 m, no significant difference in organic content was observed in the surface (H = 7.04, N = 
10, p>0.05), middle (H = 6.02, N = 10, p> 0.05) and bottom sediment layer (H = 6.53, N = 10, 
p>0.05). 
 
At Catalina Bay, samples were collected at 5, 20 and 75 metres along the transect in July 2005, 
October 2005, February 2006 and May 2010. No fluctuations in sediment organic content were 
observed at 5 m, in the surface (H = 4.13, N = 10, p> 0.05), middle (H = 1, N = 9, p>0.05) and 
bottom sediment layer (H = 7.04, N = 10, p> 0.05) and  at 20 m, in the surface (H = 7.04, N = 10, 
p> 0.05) and bottom sediment layer (H = 2.6, N = 7, p>0.05). At 75 m, the organic content of the 
surface sediment layer significantly increased from February 2006 to May 2010 (H = 8.4, N = 10, 
p<0.05) and no significant difference in organic content was observed in the bottom sediment layer 
(H = 4.4, N = 8, p>0.05).  
 
At Charters Creek samples were collected at, 0, 30 and 60 metres along the transect in July 2005, 
October 2005, February 2006 and May 2010. At 0 m, no significant difference in organic content 
was observed in the surface (H = 6.5, N = 10, p>0.05), middle (H = 7.04, N = 10, p>0.05) and 
bottom sediment layer (H = 3.3, N = 20, p>0.05). At 30 m, no significant difference in organic 
content was observed in the surface (H = 6.31, N = 10, p>0.05), middle (H = 1.7, N = 10, p>0.05) 
and bottom sediment layer (H = 8.05, N =10, p<0.05). At 60 m, no significant difference in organic 
content was observed in the surface (F = 3.89, df = 6, p>0.05) and bottom sediment layer (F = 
2.49, df = 6, p>0.05). The organic content of the middle sediment layer significantly increased from 
February 2006 to May 2010 (F = 13.31, df = 6, p< 0.05). 
 
At Makakatana samples were collected at 40, 90, 170 and 265 metres along the transect in July 
2005, October 2005, February 2006 and May 2010. At 40 m, the organic content of the surface 
sediment layer significantly increased from February 2006 to May 2010 (H = 8.34, N = 10, p<0.05) 
and no significant difference in organic content was observed in the middle (H = 2.38, N = 10, 
p>0.05) and bottom sediment layer (H = 5.15, N = 10, p>0.05). At 90 m along the transect, the 
organic content of the surface (F = 9.67, df = 6, p<0.05), middle (H = 5.15, N = 10, p> 0.05) and 
bottom (F = 13.62, df = 5, p<0.05) sediment layers significantly increased from February 2006 to 
May 2010. 
 
At 170 m along the transect, no significant difference in organic content was observed in the 
surface (H = 7.33, N = 10, p>0.05) and bottom sediment layers (F = 7.11, df = 4, p>0.05). The 
organic content of the middle layer significantly increased from February 2006 to May 2010 (F = 
4.75, df = 6, p<0.05). At 265 m along the transect, no significant difference in organic content was 
observed in the surface (F = 0.56, df = 6, p>0.05) and middle sediment layer (F= 3.99, df = 4, 
p>0.05). 
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Figure 4.28:  Sediment organic content at Listers Point, 10, 60 and 110 m along the transect (bars 
indicate ± SE, n variable). 
 
 
 
 
Figure 4.29: Sediment organic content at Catalina Bay, 5, 20 and 75 m along the transect (bars 
indicate ± SE, n variable). 
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Figure 4.30: Sediment organic content at Charters Creek, 0, 30 and 60 m along the transect (bars 
indicate ± S.E, n variable). 
 
 
 
 
Figure 4.31: Sediment organic content at Makakatana, 40, 90, 170 and 265 m along the transect 
(bars indicate ± SE, n variable). 
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4.2.5. Sediment electrical conductivity 
At Listers Point sediment electrical conductivity was measured at 10, 60 and 110 metres along the 
transect in July 2005, October 2005, February 2006 and May 2010. At 10 m, no significant 
difference in electrical conductivity was observed in the surface (H = 4.43, N = 6, p>0.05) and 
middle (F = 3.02, df = 2, p>0.05) sediment layers. At 60 m, no significant difference in electrical 
conductivity was observed in the surface (H = 2.52, N = 6, p>0.05), middle (F = 0.43, df = 2, 
p>0.05) and bottom (H = 3.2, N = 5, p>0.05) sediment layers. At 110 m, no significant difference in 
electrical conductivity was observed in the surface (F = 0.21, df = 2, p>0.05), middle (F = 0.35, df = 
2, p>0.05) and bottom (F = 1.49, df = 2, p>0.05) sediment layers.  
 
At Catalina Bay sediment electrical conductivity was measured at, 5, 20 and 75 metres along the 
transect in July 2005, October 2005, February 2006 and May 2010. At 75 m,  sediment electrical 
conductivity was higher than at other positions, 5 m and 20 m along the transect (H = 25.81, N = 
41, p <0.05), this implies that closer to the water‟s edge there is an increase in conductivity as it is 
further away from groundwater input. At 5 m, the electrical conductivity of the surface (F = 148.55, 
df = 2, p<0.05) sediment layer significantly decreased from July 2005 to May 2010 and no 
significant difference in electrical conductivity was observed in the middle (F = 1.72, df = 1, 
p>0.05) and bottom (H = 3.2, N = 5, p>0.05) sediment layers.  
 
At 20 m along the transect, no significant difference in electrical conductivity was observed in the 
surface (F = 4.57, df = 2, p>0.05) and middle (F = 0.26, df = 2, p>0.05) sediment layers. At 75 m, 
no significant difference in electrical conductivity was observed in the surface (F = 0.47, df = 2, 
p>0.05) sediment layer. The electrical conductivity of the middle sediment layer significantly 
increased from July 2005 to October 2005 and a significant decline was observed from February 
2006 to May 2010 (F = 128.191, df = 2, p<0.05). 
 
At Charters Creek sediment electrical conductivity was measured at, 0, 30 and 60 metres along 
the transect in July 2005, October 2005, February 2006 and May 2010. At 0 m along the transect, 
no significant difference in electrical conductivity was observed in the surface (F = 1.25, df = 2, 
p>0.05), middle (F = 0.09, df = 2, p>0.05) and bottom (F = 0.32, df = 2, p>0.05) sediment layers. 
At 30 m, no significant difference in electrical conductivity was observed in the surface (F = 0.92, 
df = 2, p>0.05), middle (F = 8.27, df = 2, p>0.05) and bottom (F = 8.52, df = 2, p>0.05) sediment 
layers. 
 
At 60m along the transect, no significant difference in electrical conductivity was observed in the 
surface (F = 1.81, df = 2, p>0.05), middle (F = 0.39, df = 2, p>0.05) and bottom (F = 0.13, df = 2, 
p>0.05) sediment layers. 
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At Makakatana 40, 90, 170 and 265 metres along the transect in July 2005, October 2005, 
February 2006 and May 2010. At 40 m along the transect, no significant difference in electrical 
conductivity was observed in the surface (H = 3.67, N = 6, p>0.05), middle (H = 4.42, N = 6, 
p>0.05) and bottom (H = 4.42, N = 6, p>0.05) sediment layers. At 90 m, no significant difference in 
electrical conductivity was observed in the surface (H = 4.43, N = 6, p>0.05) and middle (F = 8.37, 
df = 2, p>0.05) sediment layers. The electrical conductivity of the bottom (F = 501.26, df = 1, 
p<0.05) sediment layer significantly decreased from July 2005 to May 2010. 
 
At 170 m, no significant difference in electrical conductivity was observed in the surface (H = 4.43, 
N = 6, p>0.05) and bottom (F = 4.82, df = 2, p>0.05) sediment layers. The electrical conductivity of 
the middle (F = 32.18, df = 2, p<0.05) sediment layer significantly decreased from July 2005 to 
May 2010. At 265 m along the transect, no significant difference in electrical conductivity was 
observed in the surface (F = 0.53, df = 2, p>0.05) and middle (F = 7.86, df = 2, p>0.05) sediment 
layers. 
 
 
 
Figure 4.32: Sediment electrical conductivity at Listers Point, 10, 60 and 110 m along the transect 
(bars indicate ± SE, n variable). 
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Figure 4.33: Sediment electrical conductivity at Catalina Bay, 5, 20 and 75 m along the transect 
(bars indicate ± SE, n variable).  
 
 
 
Figure 4.34: Sediment electrical conductivity at Charters Creek, 0, 30 and 60 m along the transect 
(bars indicate ± SE, n variable).  
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Figure 4.35: Sediment electrical conductivity at Makakatana, 40, 90, 170 and 265 m along the 
transect (bars indicate ± SE, n variable). 
 
4.2.6. Sediment redox potential 
Sediment redox potential was only sampled for the different sites in May 2010. The data revealed 
that there were no significant differences in the surface (F = 0.62, df = 35, p>0.05) and middle (H = 
5.08, N = 35, p>0.05) sediment redox potential across the four sites. There was a significant 
difference in the bottom sediment redox potential across the four sites (H = 12.31, N = 28, p<0.05). 
At all sites there was no significant correlation between sediment redox potential and organic 
content (p >0.05, Table 5- 16, Appendix 1). 
 
Figure 4.36 illustrates sediment redox potential at Listers Point 10, 60 and 110 metres along the 
transect, there was a significant difference in sediment redox potential between the top, middle 
and bottom sediment (H = 9.68, N = 23, p<0.05). At 110 m, the sediment redox potential was 
significantly higher than at 10 m (H = 6.57, N = 25, p< 0.05), closer to the water‟s edge it was more 
anoxic. There was one replicate for sediment redox potential of the bottom sediment. 
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Figure 4.36: Sediment redox potential, 10, 60 and 110 m along the transect (bars indicate ± SE, n 
variable). 
 
Figure 4.37 illustrates sediment redox potential at Catalina Bay 5, 20 and 75 metres along the 
transect. At Catalina Bay, there were no significant differences in sediment redox potential 
between top, middle and the bottom sediment layer (F = 0.199, df = 17, p> 0.05). At 5, 20 and 75 
m along the transect there was a significant difference in sediment redox potential (F = 13.46, df = 
17, p< 0.05), sediment redox potential was significantly lower at 20 m. 
 
 
Figure 4.37: Sediment redox potential, 5, 20 and 75 m along the transect (bars indicate ± SE, n 
variable).
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Figure 4.38 illustrates sediment redox potential at Charters Creek 0, 30 and 60 metres along the 
transect.  At Charters Creek, there was no significant difference between the top, middle and 
bottom sediment redox potential (H = 3.03, N = 27, p>0.05). At 60 m, sediment redox potential 
was significantly lower than at 0 and 30 m (H = 8.51, N = 27, p<0.05) along the transect.  
 
 
Figure 4.38: Sediment redox potential, 0, 30 and 60 m along the transect (bars indicate ± SE, n 
variable).    
                                                               
Figure 4.39 illustrates sediment redox potential at Makakatana 40, 90, 170 and 265 metres along 
the transect. At Makakatana, there were no significant differences in sediment redox potential 
between the top, middle and bottom sediment layer (H = 4.19, N = 32, p> 0.05). 
 
Figure 4.39: Sediment redox potential, 40, 90, 170 and 265 m along the transect                                                     
(bars indicate ± SE, n variable). 
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Sediment characteristics data is presented as mean values and there are variable numbers of 
replicates (October 2005 N = 1, July 2005, February 2006 and May 2010, N = 3). Tables 4.5 to 4.9 
illustrate a summary of sediment characteristics for each of the study sites. Redox potential and 
sediment particle size were not measured at all study sites during the July 2005, October 2005 
and February 2006 study sessions. 
 
Table 4.5: Summary of Listers Point sediment data (nd = no data). 
 
Sediment 
characteristics 
 
 
July 
2005 
 
October 
2005 
 
February 
2006 
 
May 
2010 
 
Mean for all 
sampling 
dates (N) 
 
Moisture 
content (%) 
Min 6.2 2 1 7.5 
 
 
30.1 ± 1.9 (82) 
 
Max 60.1 58.5 27.9 57.7 
 
Mean ± SE 
 
39.8 ± 3.3 
(24) 
 
36.5 ± 
6.9 (9)  
 
15.2 ± 1.6 
(24) 
 
32.8 ± 3 
(25) 
 
Organic content 
(%) 
Min 0.8 1.9 1.6 5.1 
 
 
7.9 ± 1.0 (82) 
 
Max 20.7 2.3 4.6 63 
 
Mean ± SE 
 
7.2 ± 0.9 
(24) 
 
7.3 ± 1.2 
(9) 
 
2.8 ± 0.2 
(24) 
 
13.6 ± 2.9 
(25) 
 
Electrical 
Conductivity 
(mS) 
Min 9.1 6.6 4.2 20.0  
 
44.0 ± 4.7 (48) 
 
Max 70.5 9.3 109.3 154.7 
Mean ± SE 
32.3 ± 7.4 
(8) 
32 ± 5.2 
(8)  
39.7 ± 
14.9 (7) 
52.7 ± 7.2 
(25) 
 
Redox 
potential (mV) 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
-20  
 
134.5 ± 18.9 
(23) 
Max 220 
Mean ± SE 
134.5 ± 
18.9 (23) 
 
% sand 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
0 
 
 
22.4 ± 1.2 (25) 
Max 33.0 
Mean ± SE 
22.4 ± 1.2 
(25) 
 
% silt 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
38.8 
 
 
52.2 ± 2.4 (25) 
Max 100 
Mean ± SE 
52.2 ± 2.4 
(25) 
 
% clay 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
0 
 
 
25.4 ± 1.4 (25) 
Max 34.6 
Mean ± SE 
25.4 ± 1.4 
(25) 
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Table 4.6: Summary of Catalina Bay sediment data (nd = no data). 
 
Sediment 
characteristics 
 
 
July 
2005 
 
October 
2005 
 
February 
2006 
 
May 
2010 
 
Mean for 
all 
sampling 
dates (N) 
 
Moisture content 
(%) 
Min 14.8 13.9 3.0 13.0  
 
14.3 ± 0.7 
(72) 
 
Max 24.4 19.7 15.8 28.1 
Mean ± SE 
17.5 ± 0.7 
(21)  
16.6 ± 
0.7 (9) 
6.8 ± 0.5 
(21) 
17.6 ± 
0.8 (21) 
 
Organic content 
(%) 
Min 0.1 105 0.1 0.3  
 
2.8 ± 0.9 (72) 
 
Max 3.9 3.7 9.9 46 
Mean ± SE 
1.4 ± 0.3 
(21) 
1.7 ± 0.4 
(9) 
1.3 ± 0.6 
(21) 
6.1 ± 2.8 
(21) 
 
Electrical 
Conductivity (mS) 
Min 1.1 1.0 0.6 0.4  
 
9.4 ± 2.1 (41) 
 
Max 43.0 45.0 31.7 40.6 
Mean ± SE 
15.3 ± 8.4 
(6) 
14.5 ± 7 
(7) 
9.2 ± 4.5 
(7) 
6.1 ± 2.1 
(21) 
 
Redox 
potential (mV) 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
42  
 
176.5 ± 16.0 
(20) 
Max 277 
Mean ± SE 
176.5 ± 
16.0 (20) 
 
% sand 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
3.8  
 
11.8 ± 1.3 
(21) 
Max 24.7 
Mean ± SE 
11.8 ± 
1.3 (21) 
 
% silt 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
46.7  
 
74.1 ± 2.9 
(21) 
Max 84.8 
Mean ± SE 
74.1 ± 
2.9 (21) 
 
% clay 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
7.6  
 
14.2 ± 1.6 
(21) 
Max 28.8 
Mean ± SE 
14.2 ± 
1.6 (21) 
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Table 4.7: Summary of Charters Creek sediment data (nd = no data). 
 
Sediment 
characteristics 
 
 
July 
2005 
 
October 
2005 
 
February 
2006 
 
May 2010 
 
Mean for 
all 
sampling 
dates (N) 
 
Moisture 
content (%) 
Min 13.6 12.3 4.7 5.2  
 
15.2 ±  1.0 
(90) 
Max 44.5 43.0 10.1 28.0 
Mean ± SE 
21.9 ± 
1.8 (27) 
19.6 ± 3.2 
(9)  
6.7 ± 0.3 
(27) 
15.5 ± 1.1 
(27) 
 
Organic content 
(%) 
Min 0.4 0.9 0.3 0.7  
 
3.4 ± 0.7 (90) 
 
Max 13.5 14.1 4.8 51.6 
Mean ± SE 
2.9 ± 0.7 
(27) 
3.5 ± 1.4 
(9) 
1.1 ± 0.2 
(27) 
6.2 ± 2.2 
(27) 
 
Electrical 
Conductivity 
(mS) 
Min 5.5 5.1 4.9 0.2  
25.3 ± 2.8 
(54) 
 
Max 33.4 43.9 41.8 112.4 
Mean ± SE 
17.1 ± 
3.6 (9) 
21 ± 4.1 
(9) 
18.7 ± 4.3 
(9) 
31.7 ± 5 
(27)  
 
Redox 
potential (mV) 
Min 
 
nd 
 
nd 
 
nd 
34  
 
205.7 ± 23.1 
(27) 
Max 473 
Mean ± SE 
205.7 ± 23.1 
(27) 
 
% sand 
Min 
 
nd 
 
nd 
 
nd 
7.6  
 
12.0 ± 0.5 
(27) 
Max 17.1 
Mean ± SE 
12.0 ± 0.5 
(27) 
 
% silt 
Min 
 
nd 
 
nd 
 
nd 
65.8 
 
 
75.1 ± 1 (27) 
Max 81 
Mean ± SE 
75.1 ± 1 
(27) 
 
% clay 
Min 
 
nd 
 
nd 
 
nd 
7.6 
 
13.0 ± 0.6 
(27) 
Max 19.1 
Mean ± SE 
13.0 ± 0.6 
(27) 
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Table 4.8: Summary of Makakatana sediment data (nd = no data). 
Sediment 
characteristics 
 
July 
2005 
October 
2005 
February 
2006 
May 
2010 
Mean for all 
sampling 
dates (N) 
 
Moisture 
content (%) 
Min 11.3 3.9 3.3 7.1    
12.8 ±  0.9 
(107) 
 
Max 46.0 34.8 16.0 70.0 
Mean ± SE 
17.9 ± 
0.9 (36) 
16.8 ± 2.5 
(11) 
7.3 ± 0.6 
(28) 
13.9 ± 
2.2 (32) 
 
Organic content 
(%) 
Min 0.4 0.9 0.2 0.4 
 
1.7 ± 0.2 (107) 
Max 9.5   6.7   5.6 11.6 
Mean ± SE 
1.4 ± 0.3 
(36) 
2 ± 0.5 (11) 
1.1 ± 0.2 
(28) 
2.4 ± 0.5 
(32) 
 
Electrical 
Conductivity 
(mS) 
Min 8.8 7.5   0.4 0.2 
 
23.0 ± 2.4 (64) 
 
Max 36.3 46.4 100 102.5 
Mean ± SE 
27.1 ± 
2.7 (12) 
26.8 ± 3.8 
(10) 
32.1 ± 8.8 
(10) 
17.4 ± 
3.5 (32) 
 
Redox 
potential (mV) 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
102 
 
160.4 ± 5.0 
(32) 
Max 201 
Mean ± SE 
160.4 ± 
5.0 (32) 
 
% sand 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
9.5 
 
 
11.8 ± 0.4 (32) 
Max 19.0 
Mean ± SE 
11.8 ± 
0.4 (32) 
 
% silt 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
62.0 
 
 
76.1 ± 0.9 (32) 
Max 81 
Mean ± SE 
76.1 ± 
0.9 (32) 
 
% clay 
Min 
 
 
nd 
 
 
nd 
 
 
nd 
9.5 
 
 
12.1 ± 0.5 (32) 
Max 19.0 
Mean ± SE 
12.1 ± 
0.5 (32) 
 
Table 4.9: A comparison of sediment characteristics for the different sites including all sampling 
dates (Mean ± SE, n in brackets).   
Sediment  
characteristics 
Listers Point Catalina Bay Charters Creek Makakatana 
Moisture content (%) 
30.1 ± 1.9 (82) 
 
14.3 ± 0.7 (72) 
 
15.2 ±  1.0 (90) 
12.8 ±  0.9 (107) 
 
Organic content (%) 
7.9 ± 1.0 (82) 
 
2.8 ± 0.9 (72) 
 
3.4 ± 0.7 (90) 
 
1.7 ± 0.2 (107) 
 
Electrical 
Conductivity (mS) 
44.0 ± 4.7 (48) 
 
9.4 ± 2.1 (41) 
 
25.3 ± 2.8 (54) 
 
23.0 ± 2.4 (64) 
 
Redox 
potential (mV) 
134.5 ± 18.9 (23) 176.5 ± 16.0 (20) 205.7 ± 23.1 (27) 160.4 ± 5.0 (32) 
% sand 22.4 ± 1.2 (25) 11.8 ± 1.3 (21) 12.0 ± 0.5 (27) 11.8 ± 0.4 (32) 
% silt 52.2 ± 2.4 (25) 74.1 ± 2.9 (21) 75.1 ± 1 (27) 76.1 ± 0.9 (32) 
% clay 25.4 ± 1.4 (25) 14.2 ± 1.6 (21) 13.0 ± 0.6 (27) 12.1 ± 0.5 (32) 
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4.3. Groundwater analysis 
 
During the May 2010 field survey, extreme hypersaline conditions were observed at Listers Point 
ranging in the 90‟s; hence there was no submerged macrophyte cover. Between 1963 and 2002, 
15 % of extreme hypersaline conditions were observed at North Lake (Lawrie and Stretch 2011 b), 
during the June 2011 field survey, hypersaline conditions (60 ppt) were observed at Hells Gate, 
due to heavy rain between October 2010 and January 2011, the water level was slightly higher, as 
Mkhuze River started flowing. South Lake, at the Catalina Bay Jetty high estuarine salinity 
conditions were observed, ranging from 25 to 30 ppt, this was also as a result of heavy rain, which 
resulted in an increase in the water level and a decrease in the water column salinity. High 
estuarine salinity conditions were also observed at Mamba Point (north of Catalina Bay), ranging 
from 30 to 40 ppt at the margin and low estuarine (25 ppt) in the deep water. To remediate low 
water levels, in 2011, the second Back Channel was increased in area, to increase flow in to St 
Lucia Estuary. This contributed significant amounts of freshwater input in the system (19 million 
cubic metres) (newsflash@isimangaliso.com). 
 
Figure 4.40 illustrates depth to groundwater measured at St Lucia Estuary in February 2006 and 
May 2010. Fluctuations in groundwater depth were observed at all sites, in February 2006, 
Makakatana groundwater depth ranged from 34 to 74 cm (mean = 54.33 ± 20.01) and in May 2010 
it ranged from 20 to 148 cm (mean = 71 ± 33.89). No significant difference in groundwater level 
was observed between February 2006 and May 2010 (H = 0.64, N = 15, p> 0.05). During the 
February 2006 sampling period, Catalina Bay groundwater depth ranged from 0.73 to 24 cm (8.61 
± 13.33) and in May 2010 it ranged from 5 to 58 cm (24.11 ± 19.86). No significant difference in 
groundwater level was observed at Catalina Bay between February 2006 and May 2010 (F = 1.54, 
df = 10, p>0.05). At Charters Creek, groundwater depth ranged from 40 to 42 cm (41 ± 1.41); in 
February 2006 and in May 2010 it ranged from 49 to 95 cm (24.11 ± 19.86). No significant 
difference in groundwater level was observed between February 2006 and May 2010 (F = 3.85, df 
= 9, p> 0.05). Listers Point groundwater depth in February 2006 was 80 cm and the ground water 
level was not reached during the May 2010 field trip.  
 
Figure 4.41 illustrates groundwater and water column salinity during the May 2010 field trip, water 
column salinity in July 2005, October 2005 and February 2006 was not measured and during the 
May 2010 Field trip the groundwater was not reached at Listers Point. The water column salinity of 
the St Lucia system was highly variable, Makakatana had the lowest water column salinity was 7.1 
ppt, 42.1 ppt at Catalina Bay, 44 ppt at Charters Creek and Listers Point had the highest water 
column salinity of 95 ppt. At Makakatana, average ground water salinity was 17.24 ± 6.64, 4.1± 
4.85 at Catalina Bay and 32.89 ± 19.25 at Charters Creek. 
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Figure 4.40: The depth of groundwater measured at St Lucia Estuary for February 2006 and May 
2010. 
 
 
 
Figure 4.41: The groundwater and water column salinity at St Lucia Estuary in May 2010. 
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4.4. Vegetation transect analysis 
In July 2005, Listers Point, a site located in False Bay had sparse vegetation cover. The dominant 
species was Sporobolus virginicus (L.), which was sparsely distributed in the first 40 m of the 
transect (Figure 4.42), with an average percentage cover of 63.2 %. Sarcocornia natalensis 
(Steud.) Dur & Schinz, a succulent and obligate halophyte, was also recorded, in areas with high 
sediment conductivity (average percentage cover = 3 %). Listers Point had the lowest species 
richness with only three species in July 2005; Sporobolus virginicus, Sarcocornia natalensis and 
Chenopodium album L. Vegetation scantly covered 85 m of the 155 m transect. 
 
 
 
Figure 4.42: Vegetation distribution along the Listers Point transect in July 2005  
(full species names are provided in the species list). 
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In October 2005, there was a decline in the abundance of Sporobolus virginicus (average 
percentage cover = 49.42 %) and bare ground increased by 3.1% at Listers Point (Figure 4.43). 
Listers Point was the site with the lowest species richness (3) and highest bare ground in October 
2005. 
 
 
Figure 4.43: Vegetation distribution along the Listers Point transect in October 2005 
(full species names are provided in the species list). 
 
In February 2006, there was a continuous decline in the abundance of Sporobolus virginicus 
(average percentage cover = 45.5 %) at Listers Point (Figure 4.44), which scantly occupied the 
first 25 m of the transect and an increase in bare ground was recorded. All species were still 
present. In May 2010, due to increased severity of the drought there was a sharp decline in 
vegetation cover at Listers Point and vegetation was sparsely distributed, covering less than five 
quadrats at the landward fringe (Figure 4.45). Bare ground increased to 96.5% and was covered 
with dead organic matter and a salt crust. The dominant species (Sporobolus virginicus) 
decreased by approximately 50 % in cover in comparison with July 2005, it was not included in the 
kite diagram because it was present in less than five quadrats. All species were still present except 
Sarcocornia natalensis.  
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Figure 4.44: Vegetation distribution along the Listers Point transect in February 2006. 
(full species names are provided in the species list). 
 
 
 
Figure 4.45: Vegetation distribution along the Listers Point transect in May 2010. 
90 
 
Figure 4.46 illustrates average habitat cover at Listers Point during all the study sessions, there 
were no significant changes in Sporobolus virginicus (H = 1.27, N = 20, p> 0.05), Chenopodium 
album (F = 0.489, df = 1, p> 0.05), Sarcocornia natalensis (F = 2.77, df = 5, p> 0.05) cover and 
bare ground (H = 7.27, N = 124, p> 0.05). A steady decline in S. virginicus was observed at the 
site. 
 
 
Figure 4.46: Average habitat cover at Listers Point (bars indicate ± SE). 
 
The CCA ordination diagram (Figure 4.47) of dominant plant species and environmental data at 
Listers Point, for all sampling periods, shows that the abundance of Chenopodium album was 
influenced by all sediment characteristics and water column salinity. However, sediment electrical 
conductivity appeared to be the main factor driving the abundance of Chenopodium album. The 
abundance of Sarcocornia natalensis was influenced by sediment moisture content. The electrical 
conductivity of the bottom sediment did not influence the distribution of Sarcocornia natalensis 
because it has shallow roots that do not extend to deeper sediment layers. 
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Figure 4.47: CCA ordination diagram of plant species and environmental data at Listers Point over 
the sampling periods (Abbreviations: EC, sediment electrical conductivity; OC, sediment organic 
content; MC, sediment moisture content; WC. SAL, water column salinity; Spo_virg, Sporobolus 
virginicus (L.) Kunth.; Chen_alb, Chenopodium album L. and Sar_na, Sarcocornia natalensis 
(Steud.) Dur & Schinz). 
 
Table 4.10: Summary of the CCA ordination for dominant plant species and environmental data 
over the sampling periods at Listers Point. 
 
                                               Axis 1        Axis 2        Axis 3       Axis 4  Total inertia 
Eigenvalues                            0.569        0.013         0.000       0.000  0.583 
 Species-environment correlations1.000         1.000 0.000       0.000 
 Cumulative percentage variance 
    of species data                      97.7         100.0  0.0       0.0 
    of species-environment relation   97.7         100.0  0.0       0.0 
 Sum of all eigenvalues                                                  0.583 
 Sum of all canonical eigenvalues                                               0.583 
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In July 2005 Charters Creek, located at the Western Shores, had the second lowest species 
richness (6). Sporobolus virginicus was observed fringing at the landward edge and Ruppia 
cirrhosa Petagna (Grande) at the water‟s edge with a patchy distribution of Sarcocornia sp. 
(average percentage cover = 8.4%) was observed along the transect (Figure 4.48). Bare ground 
was dominant, with an average percentage cover of 63.9 %. 
 
 
Figure 4.48: Vegetation distribution along the Charters Creek transect in July 2005. 
(full species names are provided in the species list). 
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In October 2005, Charters Creek had a decrease in species richness (5), Ruppia cirrhosa died, 
this was possibly in response to fluctuating water level or due to an increase in salinity (Figure 
4.49). There was a slight insignificant increase in the abundance of Sarcocornia natalensis 
(average percentage cover = 9.31 %) and an increase in bare ground.  
 
 
 
 
Figure 4.49: Vegetation distribution along the Charters Creek transect in October 2005. 
(full species names are provided in the species list). 
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In February 2006, Charters Creek had a mosaic of Sporobolus virginicus and Paspalum vaginatum 
Swartz at the landward fringe. There was a decline in the abundance of Sarcocornia sp. (average 
percentage cover = 6.36 %) and an increase in bare ground (Figure 4.50).  
  
 
 
Figure 4.50: Vegetation distribution along the Charters Creek transect in February 2006. 
(full species names are provided in the species list). 
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In May 2010 an increase in species richness (7) and bare ground was observed at Charters 
Creek. Sporobolus virginicus, which was the dominant species on the site, was most abundant at 
the landward fringe (Figure 4.51). Other species on the site were of low abundance, with average 
species cover ranging from 1 % (Juncus kraussii) to 15 % (Stenotaphrum secundatum). 
 
 
 
 
Figure 4.51: Vegetation distribution along the Charters Creek transect in May 2010. 
(full species names are provided in the species list). 
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Figure 4.52 illustrates average plant species cover at Charters Creek during all the study sessions, 
there were no significant changes in the abundance of Sporobolus virginicus (F = 0.34, df = 24, p> 
0.05), Stenotaphrum secundatum (Walt.) Kuntze (F = 0.161, df = 2, p> 0.05) and Sarcocornia sp.  
(H = 2.18, N = 39, p> 0.05). There was a significant increase in bare ground from July 2005 to 
February 2006 (H = 31.39, N = 131, p< 0.05), July 2005 to May 2010 (H = 31.39, N = 131, 
p<0.001) and October 2005 to May 2010 (H = 31.39, N = 131, p<0.001). Bare ground was 
dominant throughout the study period; there was a significant increase in bare ground with 
increasing severity in drought.  
 
 
 
Figure 4.52: Average species cover of dominant species at Charters Creek. 
  
Sediment electrical conductivity, moisture content and the water column salinity were the most 
important factors influencing the abundance of the dominant species at Charters Creek; they 
influenced the germination of seeds and seedling establishment. Figure 4.53 indicates the CCA 
ordination diagram of dominant plant species and environmental data at Charters Creek, for all 
sampling periods. The abundance of the dominant species was influenced by different 
environmental variables; Sarcocornia natalensis was influenced by electrical conductivity, 
Sporobolus virginicus by sediment organic content and moisture content, Cyperus congestus, 
Stenotaphrum secundatum and Centella asiatica (L.) Urb.  were all influenced by sediment organic 
content. 
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Figure 4.53: CCA ordination diagram of plant species and environmental data at Charters Creek 
over the sampling periods (Abbreviations: EC, sediment electrical conductivity; OC, sediment 
organic content; MC, sediment moisture content; WC. SAL, water column salinity; Spo_virg, 
Sporobolus virginicus; Pas_vagi, Paspalum vaginatum; Sten_sec, Stenotaphrum secundatum; 
Cen_asia, Centella asiatica; Cyp_cong, Cyperus congestus and Sar_na, Sarcocornia natalensis). 
 
Table 4.11: Summary of the CCA ordination for dominant plant species and environmental data 
over the sampling periods at Charters Creek. 
 
                                                Axis 1        Aixs2  Axis 3      Axis 4  Total inertia 
 
 Eigenvalues                             0.883        0.795  0.136  0.030                         1.846 
 Species-environment correlations  1.000        1.000  1.000  1.000 
 Cumulative percentage variance 
    of species data                      47.9          91.0   98.3  100.0 
    of species-environment relation  47.9          91.0   98.3  100.0 
 
 Sum of all eigenvalues                                                                       1.846 
 Sum of all canonical eigenvalues                                                                1.846 
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In July 2005 at Makakatana, Sporobolus virginicus was highly abundant at the landward fringe. 
The second dominant species was Sarcocornia natalensis (average percentage cover = 12.36 %), 
Sarcocornia natalensis became increasingly abundant towards the water column. Dead 
Sarcocornia natalensis (average percentage cover = 8.07 %) was observed at points along the 
transect.  
 
 
 
 
Figure 4.54: Vegetation distribution along the Makakatana transect in July 2005. 
(full species names are provided in the species list). 
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In October 2005, a decrease in ground cover and an increase in bare ground (average percentage 
cover = 90.48 %) was observed at Makakatana. There was sparse vegetation distribution from 45 
m of the 290 m transect. The second dominant species was Sarcocornia natalensis (average 
percentage cover = 10.80 %).  
 
 
 
 
Figure 4.55: Vegetation distribution along the Makakatana transect in October 2005. 
(full species names are provided in the species list). 
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In February 2006, Sporobolus virginicus became increasingly abundant towards the water column 
(Figure 4.56) and there was a decrease in bare ground (average percentage cover was 77.11 %).  
 
 
 
 
Figure 4.56: Vegetation distribution along the Makakatana transect in February 2006. 
(full species names are provided in the species list). 
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In May 2010, bare ground decreased (average percentage cover = 73.42 %) and Sarcocornia 
natalensis (average percentage cover = 13.81 %) was sparsely distributed along the Makakatana 
transect. At the landward fringe, the first 45 m were dominated by Sporobolus virginicus, ranging 
from 93.5 to 100% percentage cover (Figure 4.57).      
 
 
 
 
Figure 4.57: Vegetation distribution along the Makakatana transect in May 2010. 
(full species names are provided in the species list). 
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Figure 4.58 illustrates average plant species cover at Makakatana during all the study sessions, 
there was no significant change in the abundance of Sporobolus virginicus (H = 2.12, N = 100, p> 
0.05), there was a significant increase in the abundance of Sarcocornia natalensis between 
October 2005 and May 2010 (H = 9.41, N = 82, p< 0.05). There was a significant decrease in bare 
ground from July 2005 to May 2010 (H = 24.58, N = 197, p<0.001) and from October to May (H = 
24.58, N = 197, p<0.001). 
 
 
 
Figure 4.58: Average species cover of dominant species at Makakatana.  
 
CCA ordination diagram (Figure 4.59) of dominant plant species and environmental data at 
Makakatana, for all sampling periods shows that the abundance of Sporobolus virginicus was 
influenced by sediment moisture content and Paspalum vaginatum abundance was strongly 
influenced by the water column salinity. 
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Figure 4.59: CCA ordination diagram of plant species and environmental data at Makakatana over 
the sampling periods (Abbreviations: EC, sediment electrical conductivity; OC, sediment organic 
content; MC, sediment moisture content; WC. SAL, water column salinity; Spo_virg, Sporobolus 
virginicus; Pas_vagi, Paspalum vaginatum and Sar_nat, Sarcocornia natalensis). 
 
Table 4.12: Summary of the CCA ordination for dominant plant species and environmental data 
over the sampling periods at Makakatana. 
 
                                             Axis 1      Axis 2       Axis 3        Axis 4              Total inertia 
 
 Eigenvalues                            1.000       0.816        0.000    0.000                        1.816 
 Species-environment correlations  1.000      1.000        0.000    0.000 
 Cumulative percentage variance 
    of species data                      55.1        100.0        0.0    0.0 
    of species-environment relation   55.1        100.0        0.0    0.0 
 
 Sum of all eigenvalues                                                                      1.816 
 Sum of all canonical eigenvalues                                                         1.816 
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In July 2005 at Catalina Bay, Sporobolus virginicus was limited to the landward fringe and species 
which are dependent on moisture for distribution such as Juncus kraussii were observed near the 
ground water seepage area where the sediment was very moist and there were stagnant pools of 
water (Figure 4.60). Salinity tolerant species such as Sarcocornia sp. were observed on areas with 
higher sediment electrical conductivity. 
 
 
 
Figure 4.60: Vegetation distribution along the Catalina Bay transect in July 2005 
(full species names are provided in the species list). 
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In February 2006; the highest species richness (27) was observed at Catalina Bay. The 
distribution of vegetation was patchy throughout the transect. In the ground water seepage area, 
species with low sediment conductivity affinity were observed. The dominant species were 
Sporobolus virginicus (average species cover = 23.65 %) and Isolepis sp. (average species cover 
= 10 %). As a result of the stagnant pools of water, algal mats were observed at the ground water 
seepage area. Towards the water column the sediment electrical conductivity increased, as a 
result no vegetation was observed beyond the 90 m mark of the 290 m transect (Figure 4.61).  
 
 
 
Figure 4.61:  Vegetation distribution along the Catalina Bay transect in February 2006 
(full species names are provided in the species list). 
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In May 2010, low sediment conductivity at the groundwater seepage area resulted in terrestrial 
vegetation encroaching on estuarine vegetation. Sarcocornia natalensis became more abundant 
towards the water column (Figure 4.62).  
 
 
 
Figure 4.62: Vegetation distribution along the Catalina Bay transect in May 2010 
(full species names are provided in the species list). 
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Figure 4.63 illustrates average plant species cover at Catalina Bay during all the study sessions, 
there were no significant changes in the abundance of Sporobolus virginicus (F = 0.9, df = 32, p> 
0.05), Sarcocornia sp. (F = 1.39, df = 11, p> 0.05), Juncus kraussii (F = 0.32, df = 17, p> 0.05) and 
Isolepis sp. (H = 0.85, N = 23, p> 0.05). There was a significant increase in bare ground from July 
2005 to February 2006 (H = 21.31, N = 148, p<0.001) and from February 2006 to May 2010 (H = 
21.31, N = 148, p< 0.05). 
 
 
 
Figure 4.63: Average species cover of dominant species at Catalina Bay 
 
CCA ordination diagram (Figure 4.64) of dominant plant species and environmental data at 
Catalina Bay, for all sampling periods shows that Juncus kraussii was negatively affected by 
sediment conductivity and Sarcocornia natalensis distribution was strongly influenced by sediment 
conductivity. The distribution of Juncus kraussii was influenced by sediment moisture content. 
Sarcocornia natalensis was the only species strongly influenced by sediment conductivity, it 
became increasingly more abundant along the transect on areas where there was high sediment 
conductivity. Phragmites australis was strongly influenced by the sediment conductivity of the 
bottom sediment layer. Stenotaphrum secundatum abundance was strongly influenced by 
sediment moisture and organic content. Sporobolus virginicus, Phragmites australis and Isolepis 
sp. were negatively influenced by sediment electrical conductivity of the surface and middle 
sediment layer. 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
Sporobolus Juncus Isolepis Sarcocornia sp. Bare ground 
A
v
e
ra
g
e
 c
o
v
e
r 
(%
) 
Species 
July 2005 February 2006 May 2010 
108 
 
 
 
 
Figure 4.64: CCA ordination diagram of plant species and environmental data at Catalina Bay over 
the sampling periods (Abbreviations: EC, sediment electrical conductivity; OC, sediment organic 
content; MC, sediment moisture content; WC. SAL, water column salinity; Spo_virg, Sporobolus 
virginicus; Sten_sec, Stenotaphrum secundatum; Jun_krau, Juncus kraussii; Iso_sp., Isolepis sp.; 
Phr_aust, Phragmites australis;  and Sar_nat, Sarcocornia sp.). 
 
Table 4.13: Summary of the CCA ordination for dominant plant species and environmental data 
over the sampling periods at Catalina Bay. 
 
                                                 Axis 1       Axis 2      Axis3    Axis 4             Total inertia 
 
 Eigenvalues                              0.907       0.264       0.119     0.095                      1.391 
 Species-environment correlations   1.000      1.000        1.000     1.000 
 Cumulative percentage variance 
    of species data                       65.2       84.2          92.8       99.6 
    of species-environment relation    65.2       84.2          92.8       99.6 
 
 Sum of all eigenvalues                                                                    1.391 
 Sum of all canonical eigenvalues                                                           1.391 
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During the period of study, species richness at St Lucia (Figure 4.65) ranged from 2 (Listers Point, 
May 2010) to 27 (Catalina Bay, February 2006) along the transects. Due to low sediment electrical 
conductivity at Catalina Bay a high number of macrophyte species were able to establish, however 
the low sediment conductivity also resulted in the encroachment of terrestrial vegetation. Listers 
Point had the lowest species richness throughout the period of study as a result of high sediment 
conductivity (44.0 ± 4.7 mS, N = 48) and low moisture content (30.1 ± 1.9 %, N = 82); there was 
no freshwater input at the site.   
 
 
 
Figure 4.65: Species richness at Listers Point, Charters Creek, Makakatana and Catalina Bay from 
the July 2005, October 2005, February 2006 and the May 2010 field trip. 
 
Table 4.14 and 4.15 are Lists of macrophyte species identified at Listers Point, Charters Creek, 
Makakatana and Catalina Bay during the study period. Other species included in the species 
richness of the different sites were observed at close proximity to transect. Throughout the period 
of study the dominant species at all sites was Sarcocornia natalensis and Sporobolus virginicus.  
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Table 4.14:  Plant species list for the St Lucia Estuary from the July 2005, October 2005, February 2006 and May 2010 field trips. (Abbreviations: 
LP = Listers Point, CC = Charters Creek, MK = Makakatana and CB = Catalina Bay). 
 
Family Species name 
  
Life form 
Location 
Authority LP CC MK CB 
Apiaceae 
Centella asiatica (L.) Urb. Herb   *     
Hydrocotyle bonariensis Lamarck Perennial, Herb     * * 
Asteraceae 
Cadiscus aquaticus E. Mey. Ex DC. Annual, Herb       * 
Helichrysum kraussii Sch. Bip. Perennial, Shrub       * 
Celastraceae Putterlickia pyracantha (L.) Szyszyl Perennial, shrub     *   
Chenopodiaceae 
Atriplex patula L. Shrub *       
Chenopodium album L. Annual,  Herb *       
Salicornia meyeriana Moss Annual,  Sub shrub   * *   
Sarcocornia natalensis (Steud.) Dur & Schinz Perennial, Sub shrub * * * * 
Sarcocornia tegetaria S. Steffen, Mucina & G. Kadereit Perennial, Sub shrub       * 
Cladophoraceae Chaetomorpha ligustica (Kuitzing) Kuitzing Algae   *     
Crassulaceae Crassula sp. L. Sub shrub *       
Cyperaceae 
Cyperus congestus Vahl Perennial, Herb   *   * 
Cyperus natalensis Hoschst. Perennial, Herb     * * 
Fuirena angolensis 
 
(C.B.Clarke) Lye ex J.Raynal & Roessler         * 
Isolepis natans (Thunb.) A.Dietr. Herb       * 
Juncellus sp. L.         * 
Pycreus nitidus (Lam.) J. Raynal Perennial       * 
Schoenoplectus corymbosus (Roem. & Schult.) J. Raynal Perennial, Herb       * 
Schoenoplectus scirpoideus (Schrad.) Browning Perennial, Herb       * 
Fabaceae Indigofera jucunda Schrire Perennial, shrub *       
1
1
1
 
 
 
 
Table 4.14: Cont. Plant species list for the St Lucia Estuary from the July 2005, October 2005, February 2006 and May 2010 field trips. 
(Abbreviations: LP = Listers Point, CC = Charters Creek, MK = Makakatana and CB = Catalina Bay). 
 
Family Species name 
  
Life form 
Location 
Authority LP CC MK CB 
Juncaceae 
Juncus acutus  L. Perennial, Herb       * 
Juncus kraussii  Hochst. susp. kraussii Perennial, Herb   * * * 
Juncaginaceae Triglochin bulbosa  L. Perennial, Herb       * 
Melastomataceae Dissotis princeps  (Kunth) Triana Var. princeps Perennial, Shrub       * 
Poaceae 
Andropogon eucomus  Nees Graminoid       * 
Cynodon dactylon  (L.) Pers. Perennial, Graminoid       * 
Eragrostis trichophora  Coss. & Durieu Graminoid       * 
Hyparrhenia dissoluta  (Nees ex Steud.) C.E. Hubb Perennial, Graminoid       * 
Paspalum vaginatum  Swartz Perennial, Graminoid   * * * 
Phragmites australis  (Cav.) Steud. Perennial, Graminiod   * * * 
Sporobolus virginicus  (L.) Kunth. Perennial, Graminiod * * * * 
Stenotaphrum secundatum  (Walt.) Kuntze  Perennial, Graminiod   * * * 
Themeda triandra  Forssk. Perennial, Graminiod       * 
Cymbopogon sp.   Spreng. Graminiod        * 
Polygonaceae Persicaria senegalensis  (Meisn.) Soják f. senegalensis Herb       * 
Potamogetonaceae Stuckenia pectinata  (L.) Böerner 
Aquatic 
 macrophyte 
    *   
Ruppiaceae Ruppia cirrhosa  Petagna (Grande) Perennial, Aquatic macrophyte   * * * 
Species richness       6 11 12 29 
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5. Chapter 5: Discussion 
5.1. Present distribution of macrophytes  
Mapping aquatic ecosystems is important as it can be used as a tool in predicting environmental 
conditions from the present species distribution and composition. Mapping can also be used in 
monitoring the system. Images were used from the 2008 to map the distribution of vegetation in St 
Lucia Estuary. The sites were visited in 2010 and 2011 for verification of the distribution and 
boundaries of each macrophyte habitat. 
 
Intertidal vegetation in the Narrows was composed of mangrove forest and Phragmites species 
(reeds at the water‟s edge). Hibiscus tiliaceus, mangroves (mainly Avicennia marina), Bruguiera 
gymnorrhiza (along Mpate River) were dominant at the Narrows. At some points along the 
Narrows (landward fringe of the Western Shores) there were sparse mangrove forests with wide 
bare patches within the forest. Mangrove forests could be degraded as a result of kudu browsing 
or insufficient moisture as the water level had been low and the estuary non-tidal. Other areas had 
sparse mangrove cover (less than 50 %) and a mosaic of mangrove and Juncus kraussii cover. 
Mangroves were observed from the mouth to the upper Forks. Four Bruguiera gymnorrhiza 
individuals were also observed at Fanies Island. The mangroves north of St Lucia mouth (Figure 
4.10) have colonized dredge spoil and the primary colonizer Avicennia marina is dominant. 
Bruguiera gymnorrhiza was observed in a thin band from the Mpate mouth to Mpate Bridge and at 
the Forks. At Mpate River mangroves were observed growing behind a thin band of reeds. The 
mangroves at Mpate Bridge were healthy due to freshwater input from the flowing river. However 
at Mpate mouth it was dry and non-tidal, the dry substrate was not optimal for mangrove 
recruitment (Figure 5.1 D) as few seedlings were observed during the site visit in 2011. There is a 
possibility that propagules are produced but are unable to attach and establish. Hibiscus tiliaceus 
was observed at the margins, in close proximity to mangroves and intertidal reed. 
 
A thin band of reeds was observed in front of mangroves at the Narrows. Inundated Phragmites 
was observed at the Mfolozi swamps and under high water levels (1960 and 2001) they were 
observed at Fanies Island and Selley‟s Lakes (located at North Lake). In 2001 there were high 
water levels, resulting in inundated vegetation and shallow pools of water at the low lying mudflats 
of Fanies Island and Selley‟s Lakes. P. australis was able to grow at the dry sites such as Charters 
Creek, due to long roots which extend to obtain freshwater from lower depths. Dry shorelines were 
observed at the North Lake, which were dominated by dry Phragmites australis and grass. Dry 
reeds were the most dominant vegetation type. Burnt patches were evident and the fire was 
captured in the aerial images. Phragmites australis is a cosmopolitan species, dominant in 
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conditions ranging from freshwater to brack (Greenwood and MacFarlane 2006). P. australis 
distribution is determined by sediment salinity; under high salinity conditions P. australis is capable 
of escaping salinity stress by obtaining freshwater from lower depths. P. australis extends to 
depths ranging from 40 to 85 cm (Lissener and Schierup 1997) and expansion is determined by 
the salinity of the interstitial water (Burdick et al. 2001). Though P. australis is influenced by 
interstitial salinity, inundation at 35 ppt results in necrosis and two weeks exposure to 20 ppt 
reduces growth (Adams and Bate 1999). Intertidal Phragmites was lining the Narrows and also 
circular colonies of reeds were observed in the shallow water column indicating low salinity 
conditions.  
 
Along the Eastern Shores extensive areas of Juncus kraussii and Juncus acutus were observed, 
extending from Catalina Bay to Mamba Stream (at close proximity to Vincent Islands). The 
dominant species at both groundwater seepage sites (Catalina Bay and Mamba Point) were 
sedges and Juncus kraussii. Juncus kraussii and grass was observed at close proximity to Potter‟s 
Channel, behind elevated mounds of dredge spoil. Sedges were observed at the Mfolozi Swamps, 
sustained by the Dukuduku Stream and a small patch was observed at the Forks of the Narrows, 
lining the cannel.  The transect data from the long-term monitoring sites showed that at Catalina 
Bay, the abundance of J. kraussii fluctuated with changes in sediment electrical conductivity. A 
study conducted by Greenwood and MacFarlane (2006) revealed that J. kraussii tolerates high 
salinity (70 % seawater) and waterlogging, however when salinities are extremely low P. australis 
out-competes J. kraussii (Naidoo and Kift 2006). Freshwater does however influence germination 
as Greenwood and MacFarlane (2006) reported 100 % seed germination for J. kraussii under 
freshwater conditions. 
 
In the St Lucia system, the abundance of submerged macrophytes is dependent on salinity and 
the water level, a drop in water level will result in the exposure and desiccation of submerged 
macrophytes (Gordon et al. 2008). Submerged macrophytes are observed at the estuary margins, 
at shallow points with optimum light exposure. The distribution of submerged macrophytes is 
usually limited by depth as light must be able to penetrate the water column, for photosynthesis. In 
2008 there was only a small area of submerged macrophytes observed in St Lucia Estuary at 
Brodie‟s Shallows in close proximity to the Narrows and Makakatana.  Salinity at these sites was 
low due to freshwater input from Dukuduku stream and Mpate River. During the field survey in 
May 2010 submerged macrophytes were only found at Makakatana and Catalina Bay. Beds of 
Stuckenia pectinata were observed at Makakatana which was also related to the low salinity at 
that site. The presence or absence of submerged macrophytes influences the biota of the St Lucia 
Estuary.  Availability of food (submerged macrophytes) has an influence on the behaviour of birds 
(Whitfield and Blaber 1979; Bowker and Downs 2008 b). The abundance of the fish feeding birds 
is dependent on the availability of fish which utilise submerged macrophyte areas as a sheltered 
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habitat.  The epiphytic algae on these plants are also an important food source.  Gordon et al. 
(2008) showed that the biomass of epiphytic algae increases as a result of an increase in 
submerged macrophytes (substrate).. Low abundance of Zostera capensis throughout the St Lucia 
system resulted in low abundance of epiphytic algae, shrimps, prawns, bivalves, worms and 
juvenile fish (Day 1948). Zostera capensis has not been observed in the estuary since 2005, 
however Stuckenia pectinata has been present particularly in the Narrows and at Makakatana. 
The distribution of submerged macrophytes also influences the migratory behaviour of fauna such 
as Pomadasys operculare which feed at the estuary (Day 1948).  
 
Dredge spoil was observed from the mouth to the Forks of the Narrows (Potters Channel). The 
Narrows were dredged to enhance the water flow. Dredge spoil was colonised by mangroves and 
Sporobolus virginicus, Barringtonia racemosa and Acrostichum aureum at elevated areas. Dredge 
spoil is an unstable habitat, approximately 2 to 3 metres in height and subject to erosion. In some 
areas dredge spoil mounds were exposed (Figure 5.1 F) and vegetation did not colonise them 
possibly as a result of chemical contaminants such as sulphur, which cause the sediment to be 
anoxic. The field survey showed that Potter‟s Channel had elevated mounds of dredge spoil.  A 
mosaic of Juncus kraussii and Sporobolus virginicus was observed at the landward fringe (Figure 
5.1 E), this implies that dredge spoil has had an impact on the distribution and boundary of 
estuarine vegetation. It was difficult to identify the boundary between estuarine and terrestrial 
vegetation on the Eastern Shores as terrestrial vegetation was encroaching on the groundwater-
fed communities. Centella asiatica was common at the groundwater seepage point and in the 
neighbouring terrestrial community. However the ground truthing during the site visit indicated a 
distinct boundary due to differences in the elevation.  
 
All the rivers, Mkhuze, Hluhluwe, Mzinene and Nyalazi River which feed False Bay stopped 
flowing due to freshwater abstraction in the catchment and drought.  The Mkhuze stopped flowing 
from 2002 to 2007 due to drought (Whitfield and Taylor 2009). Due to reduced water flow, in 2008, 
aerial photographs analysis showed that creeks and streams were overgrown with vegetation, for 
example the Oxbow area was colonised by mangroves. Nkazana and Tewate streams were 
colonised by Phragmites australis. According to Taylor et al. (2005) 67 creeks mainly along the 
Eastern Shores ceased flowing during the drought period. 
 
Casuarina equisetifolia L. trees were observed at the Mfolozi Floodplain, these were planted to 
prevent sand dunes from eroding (Cyrus et al. 2010) after the diversion of the Mfolozi mouth. C. 
equisetifolia trees grow optimally under these conditions due to their high salinity tolerance and 
ability to thrive under nutrient poor conditions (Kokot 1959) which are characteristic of sandy 
sediments. Burnt patches of vegetation were also observed from the aerial photographs. Some of 
these areas were previously mangrove forests. Some of these were deliberately burnt to manage 
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bush encroachment in the grassland areas along the Eastern Shores (Taylor 2006). The 
grasslands were burnt to increase groundwater seepage at the Eastern Shores (grassland 
management).  
 
5.2. Changes over time 
The GIS analysis showed that there have been changes in vegetation distribution and cover over 
time, largely as a result of fluctuations in water levels, salinity and alterations in the morphology of 
the estuary through dredging. Vegetation distribution has been influenced by drought conditions, 
grazing herbivores at the landward edges and fires (dry shoreline vegetation). These disturbances 
were observed on aerial and oblique images. Historically (6000 years ago), the Mfolozi and Mkuze 
swamps were covered by water (Whitfield and Taylor 2009). By 1960, there were numerous 
alterations to the system, the Mfolozi mouth was diverted and no longer shared a mouth with St 
Lucia Estuary and the mouth was maintained in an open state (Anon 1965). In 1960 St Lucia 
Estuary had undergone fluctuations in salinity and water level, low rainfall conditions prevailed 
from 1958 and relief only came after a flood on the 3
rd
 of July 1963 (Berruti 1983). The course of 
the Mfolozi/Msunduzi River had been channelled and flowed in a different direction (Taylor 2006).  
 
The St Lucia system experiences drought over a 10 year period, the current drought started in 
June / July 2002 (Whitfield and Taylor 2009). By December 2003 the drought was severe and 
resulted in 75 % of the system‟s surface area being exposed (Taylor et al. 2005). After four years 
of drought in July 2006 Whitfield and Taylor (2009) reported that more than 90 % of the estuary 
was exposed. Severe droughts threatens the „health‟ of the system, resulting  in the rivers feeding 
the lake to cease flowing, hypersaline conditions and low water levels resulting in unconnected 
compartments of the system (Pillay and Perissinotto 2009). The mapping component of this study 
showed that in 1960 during a low rainfall period the water surface area was 32705 ha, 33320 ha in 
2001 and reduced to 30443 ha in 2008. In 2001 the rivers, creeks and streams were flowing into 
the lake, resulting in high water levels and a narrow marginal strip of emergent vegetation. High 
water levels resulted in inundated vegetation and shallow pools of water at the low lying mudflat 
areas of Fanies Island and Selleys Lakes. From 2001 to 2008 the water surface area was reduced 
by 411 ha y 
-1
, resulting in extensive areas of exposed mudflats and sandbanks.  The water level 
receded to a large extent at the Western Shores compared to the Eastern Shores; the impact of 
drought at the Eastern Shores was less severe due to groundwater seepage. At Listers Point 
(False Bay), an extensive shoreline was exposed and windborne sediment resulted in mounds of 
sediment swept to the landward fringe.  
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Due to the shallow nature of the Narrows ± 1m in depth, sand bars were exposed in 2008. Along 
the Narrows aerial photograph analysis and mapping showed that exposed intertidal sand was 
colonized by Phragmites australis (fringing the channel) and at the vicinity of the Forks exposed 
sand was colonized by Juncus kraussii and sedges.  At Charters Creek, succulent salt marsh, 
characterised by Salicornia meyeriana, Sarcocornia natalensis were observed on the exposed 
shoreline. Succulent salt marsh colonized areas where the water column had receded. In July 
2011, extensive areas of succulent salt marsh were observed at Makakatana and at Brodie‟s 
Shallows (located north of The Forks of the Narrows). Low water levels and hypersaline conditions 
resulted in a decrease in submerged macrophyte cover in the lake and increased succulent salt 
marsh. During the May 2010 study submerged macrophytes were displaced by macroalgae 
(Chaetomorpha ligustica) at the margins of Charters Creek as a result of elevated water column 
salinity (44 ppt).  
 
Aerial photograph analysis and an assessment of the changes in vegetation cover at specific sites 
showed that changes were mainly observed at Makakatana, Brodie‟s Shallows and Fanies Island. 
From 2001 to 2008 the estuary bed was rapidly colonized by succulent salt marsh at Brodie‟s 
Shallows (343.2 ha) and Makakatana (75.1 ha). Makakatana and the Western Shores had marked 
salt marsh expansion, dominated by species of Chenopodiaceae (Salicornia meyeriana, 
Sarcocornia natalensis and Sarcocornia tegetaria) on exposed sediment and Poaceae (Eragrostis 
trichophora, Paspalum vaginatum, Sporobolus virginicus and Stenotaphrum secundatum) at the 
landward fringe. At Fanies Island the area of emergent vegetation changed in response to 
changes in the water level. Fanies Island was subjected to inundation during periods of high water 
level, the area is dominated by Phragmites australis which is adapted to extended periods of 
inundation. At Brodie‟s Shallows, the presence of submerged macrophytes was dependent on the 
water level and water column salinity. During drought, there was a clear reduction in the area 
covered by  water and inundated vegetation. There was a shift in vegetation cover, dominance 
and distribution. Expansion of Sarcocornia species (Chenopodiaceae) and grass (Poaceae) were 
observed on the exposed sand, where the water receded, the expansion of other species was 
restricted by sediment salinity and sediment moisture.  
 
The severe impact of drought on aquatic ecosystems has also been observed in lakes in China, 
Asia and Spain. During drought Quero Playa Lake in Spain receives annual rainfall of less than 
300 mm y
-1
, low freshwater input results in a decrease in the water level and exposes mudflats 
with a salt crust on the surface sediment (Sánchez-Moral et al. 2002). Dahai Lake, in China 
receives low freshwater input, as a result of low rainfall and freshwater abstraction in the 
catchment. The water level has been reduced by 3.85 m from 1955 to 1995 (Yu and Shen 2010). 
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Figure 5.1 (A) Vegetation distribution along the Listers Point transect (May 2010), vegetation was 
restricted to the landward fringe; (B) Clusters of dead Sarcocornia natalensis and Salicornia 
meyeriana at Makakatana (May 2010); (C) Beds of Stuckenia pectinata observed at Makakatana 
(May 2010); (D) At Mpate mouth it was dry and non-tidal; the dry substrate was not optimal for 
mangrove recruitment (6 July 2011); (E) A mosaic of Juncus kraussii and Sporobolus virginicus 
was observed at the landward fringe, behind elevated mounds of dredge spoil at The Potter‟s 
Channel; (F) Dredge spoil mounds along the Narrows were exposed and vegetation did not 
colonise them (6 July 2011). 
 
A B 
C D 
E F 
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5.3. Transect data  
Vegetation distribution and diversity is determined by sediment characteristics (Vince and Snow 
1984), the depth to groundwater (Kamermans et al. 2002) and water column salinity.  Rainfall and 
evaporation influence sediment conductivity and moisture content; rain water results in a decline in 
sediment conductivity. Rain water fills interstitial spaces and causes water to percolate to lower 
sediment layers, resulting in moist bottom sediment layers with high sediment conductivity. In 
January 2006 there were heavy rains before the sampling period in February 2006; total rainfall 
was 184.2 mm. Before July 2005 (60.5 mm, June 2005) and October 2005 (range = 17.3 -34.3 
mm, from 2005 to October) sampling periods it was dry as there was low rainfall. This resulted in 
low sediment moisture and high sediment conductivity measured for the October 2005 sampling 
period. 
 
From all the study sites it was evident that the zonation and cover of plant species was influenced 
mainly by changes in sediment electrical conductivity and sediment moisture content. The 
dominant macrophytes were Sporobolus virginicus, Paspalum vaginatum, Phragmites australis, 
Stenotaphrum secundatum, Ruppia cirrhosa, Stuckenia pectinata, Juncus kraussii, Sarcocornia 
natalensis, Sarcocornia tegetaria, Chenopodium album and Isolepis sp. There were three zones 
determined by sediment electrical conductivity along the transects, namely the landward zone, 
middle zone and the water‟s edge (the zone closer to the water column). There was an increase in 
sediment electrical conductivity from the terrestrial fringe to the water‟s edge for all sites except 
Catalina Bay. This could be related to freshwater seepage at this site whereas the other sites 
reflected the high water column salinity conditions. Towards the water column vegetation cover 
was sparse with random clumps observed as a result of high sediment conductivity.  
 
At Makakatana vegetation was observed in all the zones due to the low water column salinity 
which reduced the sediment salinity (23.0 ± 2.4 mS; N = 64). Water from the Narrows flowed into 
the Makakatana area and was low as a result of the closed mouth conditions and river inflow. In 
May 2010, low salinity conditions and fluctuating water levels resulted in changes in vegetation 
distribution; with Sarcocornia natalensis and Salicornia meyeriana (Figure 5.1 B) dying back. 
These succulents are sensitive to prolonged submergence (Berruti 1978; Ward 1976; Ward 1982; 
Adams and Bate 1994).  Sediment organic content at Makakatana was low (1.7 ± 0.2 %, N = 107) 
as it was unable to accumulate due to continuous flushing as a result of water level fluctuations 
and high wind velocity that blew away surface sediment at the site. 
  
During the drought the Narrows (average depth: > 1 m) were not severely affected by evaporation 
due to the high surface area ratio and the greater depth in comparison to the entire St Lucia 
system (average depth: 0.9 m). Freshwater input from the river has maintained low salinity 
 119 
 
conditions.  During the May 2010 field trip, the Back Channel, linking the Mfolozi River with St 
Lucia Estuary, had been opened and widened by the passage of hippopotami. The Back Channel 
was excavated in the 1960‟s to link the Mfolozi and St Lucia Estuary under closed mouth 
conditions (winter months) and low water level. Water is diverted to the Narrows and has a diluting 
effect during periods of drought (Lawrie and Stretch 2008). The Back Channel brings a significant 
volume of freshwater from Mfolozi to the Narrows and the Southern Lake. From 31 May 2008 to 5 
December 2008, when Mfolozi and the Narrows were linked by the Back Channel 15 million m
3
 of 
freshwater was transferred to St Lucia Estuary and from 26 December 2008 to 8 January 2009, 
1.5 million m
3
 of freshwater was transferred (Whitfield and Taylor 2009).The freshwater resulted in 
a decline in the salinity to less than 10 ppt. Freshwater inflow from the Back Channel also reduced 
salinity in the South Lake. In 2010 the water column salinity was 7.1 ppt at Makakatana and 
resulted in beds of Stuckenia pectinata being observed in the water column (Figure 5.1 C). In 
2008, submerged macrophytes were only observed at Brodie‟s Shallows in close proximity to the 
Narrows and Makakatana (Figure 5.2 A) due to freshwater input from Dukuduku stream and Mpate 
River. In October 2005, dying Ruppia cirrhosa was observed at Charters Creek, this indicated that 
there was an increase in exposure or water column salinity. In previous studies (Taylor 2006) it 
was reported that at any salinity less than 15 ppt the area is covered by Stuckenia pectinata and at 
salinities ranging from 15 to 45 ppt the lake is covered by Zostera capensis and Ruppia cirrhosa.   
  
The Eastern Shores had diverse vegetation communities, which were observed at groundwater 
seepage points. Vegetation was sustained by freshwater input of groundwater seepage from the 
sand dune aquifers, dominated by species of Cyperaceae (Cyperus congestus, Cyperus 
natalensis, Isolepis natans, Pycreus nitidus and Schoenoplectus sp.), Juncaceae (Juncus acutus 
and Juncus kraussii) and Juncaginaceae (Triglochin bulbosa). A patchy vegetation distribution and 
higher species richness was observed at Catalina Bay compared to the other transect monitoring 
sites (Listers Point, Charters Creek, Makakatana).  A maximum species richness of 27 macrophyte 
species was observed along the 290 m transect in February 2006. At Catalina Bay, groundwater 
seepage was persistent during the drought period and played a significant role in the functioning of 
the system.  It contributes two thirds to the groundwater of the entire St Lucia system and has a 
significant effect on the system‟s resilience to drought.  Field studies measured the shallowest 
depth to groundwater and the lowest groundwater conductivity at this site. As a result of the crucial 
role played by groundwater discharge during periods of drought, Været et al. (2009) showed that 
groundwater discharge can be increased by replacing deep rooted plants, (causing a reduction of 
evapotranspiration), with shallow rooted plants which do not reach the water table, therefore losing 
less water through evapotranspiration. This was achieved by clear felling Pinus elliottii plantation 
at the Eastern Shores, which were established in 1961. The grassland which was found under the 
natural conditions was then restored. Tree plantations in the St Lucia catchment reduced a 
significant amount of run-off as they covered 30 700 hectares (Cornelius 1993), excluding the 
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Mfolozi area. The last removal of the Pinus elliottii plantation was in 2007 (Whitfield and Taylor 
2009).  The removal of the plantation has restored groundwater discharge and the Eastern Shores 
has again become a refuge site for species. This was evident in this study as the highest 
macrophyte species richness as a result of stable salinity conditions was recorded on the Eastern 
Shores at Catalina Bay.  The effect of drought was less severe at Catalina Bay as average 
sediment electrical conductivity was 9.4 ± 2.1 mS (N = 41) which was lower that the other sites. 
Extreme drought conditions were buffered by groundwater discharge. Along the 290 m transect of 
Catalina Bay, there were frequently quadrats with standing water which indicated a shallow water 
table as a result of groundwater discharge (Figure 5.2 C).   
 
Macrophytes found at Catalina Bay were herbs, halophytic succulents, reeds, sedges and grasses 
as well as submerged macrophytes in the water column. There were large quantities of debris on 
the surface sediment, in the form of bird feathers, shell fragments, animal dung and plant matter. 
Catalina Bay sediment was also covered by an algal mat as a result of stagnant freshwater on the 
surface sediment. Multivariate analysis showed that the most significant environmental factors 
influencing macrophyte distribution were sediment moisture content and sediment electrical 
conductivity. Sediment type dominated by silt has a higher permeability and influences the 
moisture content of the surface sediment (Wilson et al. 2008); this was observed at Catalina Bay. 
Due to the high porosity of silt, which is the dominant particle size of the surface sediment at this 
site (mean = 74 %), the surface sediment had a low sediment moisture content of 19%.  
 
Similar to Lake Lefroy in Western Australia (Barrett 2006), St Lucia Estuary has fluctuating water 
levels and evaporation rates which exceed freshwater input. The distribution of shoreline 
vegetation of Lake Lefroy was influenced mainly by sediment particle size and depth to 
groundwater. At Lake St Lucia, vegetation distribution was influenced by groundwater seepage 
and by depth to groundwater. Catalina Bay which had the lowest average sediment conductivity 
(9.4 ± 2.1 mS, N = 41) and elevated water table (5 to 58 cm in May 2010) had the highest species 
richness (27) and diversity compared to Listers Point (species richness = 3) located at the Western 
Shores, due to the low groundwater levels and high sediment conductivity (44.0 ± 4.7 mS, N = 48). 
At Listers Point the depth to groundwater in February 2006 was 80 cm and the groundwater level 
was not reached during the May 2010 field trip which indicated the increase in severity of drought. 
At Listers Point sediment characteristics, such as an increase in sediment electrical conductivity 
(44.0 ± 4.7 mS, N = 48) and a decrease in moisture content (30.1 ± 1.9 %, N = 82) were a possible 
cause of the decrease in vegetation cover from 2005 to 2010. Species richness is also influenced 
by salinity at Nhlabane Estuary. There was high species richness at a site with groundwater 
seepage. Nhlabane Estuary experiences fluctuating water levels, high water levels inundate 
shoreline vegetation resulting in a narrow band of emergent vegetation and increased submerged 
macrophyte habitat. A decrease in the water level results in the die back of submerged 
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macrophytes,  grass and sedges colonise the moist sediment where water had receded (Adams et 
al. 2009). During a drought period (1992-1994), water level fluctuations resulted in the absence of 
submerged macropythes from Lake Mzingazi, (Adams et al. 2009) and low water levels resulted in 
a decrease in the abundance of emergent (Phragmites australis), floating (Nymphaea capensis)  
and submerged macrophytes (Utricularia inflexa) (Howard-Williams 1979) at Lake Sibaya. Similar 
to St Lucia Estuary, Lake Saint-Pierre (Lower St Lawrence River) experiences fluctuations in water 
level. Under low water level salt marsh colonizes the exposed lake (Hudon 1997).  
 
The severity of the drought differed throughout the 6 year period (2005 to 2010). The dry phase 
affected the entire system, but it had severe impacts at Listers Point due to the absence of 
freshwater input in the form of groundwater seepage and low to no freshwater inflow in the 
northern part of the lake. During a severe drought period, 1968-1972, salinity was 120 ppt at the 
northern Lake (Taylor 2006). Cyrus et al. (2010) measured water column salinity of 200 ppt at 
Listers Point and 130 ppt at South Lake (2002-2009). During the May 2010 field trip, at Charters 
Creek the salinity was 44 ppt and 95 ppt at Listers Point. Bate and Taylor (2008), examined 
sediment salt-load in the St Lucia Estuary during the severe drought in October 2006, the water 
column salinity at Charters Creek was 15 ppt and 6 ppt at Makakatana. This suggests that 
Makakatana is hyposaline even during severe droughts as a result of its close proximity to the 
Narrows. This implies that Makakatana and Catalina Bay are both resilient to drought conditions. 
Obligate halophytes (S. natalensis and S. meyeriana) scantily covered the hypersaline zone of all 
sites. At Listers Point no vegetation was observed in the hypersaline zone.  Sediment organic 
content accumulated on the surface sediment after vegetation desiccated as a result of salt and 
water stress, average sediment organic content on the site was 16.5 %. Debris was composed 
mainly of shell fragments and dead plant matter. This indicates that prior to drought vegetation 
covered the area and this was also observed from photographs.  
 
The clay component of the sediment was highest at Listers Point and lowest at Catalina Bay and 
Charters Creek. The highest component of clay (31.3 %) was observed in the middle sediment at 
Listers Point, 110 m along the transect. Sediment grain size determines the permeability of 
sediment (Wilson et al. 2008), an increase in sediment grain size results in increased permeability. 
Clay has small interstitial spaces between sediment particles, which results in impermeable 
sediment, which retains moisture. The fine sediment (clay) particle size in the bottom sediment 
restricts water permeability, and the coarse (sand and silt) sediment is highly porous due to the 
large interstitial spaces between the sediment particles, this resulted in high moisture content 
(range: 7.5 to 57.7 % in May 2010) being measured at the bottom sediment at Listers Point. The 
bottom sediment of all sites had a higher component of fine sediment, and the surface sediment 
had porous sediment such as sand, which resulted in lower surface moisture content in sites 
where they were dominant. The clay fraction increased with depth, especially at Listers Point. Due 
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to the higher distribution of clay at the bottom sediment, at 110 m on the Lister Point transect 
(water‟s edge) smaller interstitial spaces between the sediment granules inhibited oxygen 
penetration, resulting in low sediment redox potential (-30 mV). The bottom sediment layer was 
very dark and adhesive with a noxious odour; this could have been as a result of anoxic 
conditions. Other sediment layers had a lower clay fraction (surface sediment) and were porous, 
which allowed oxygen to penetrate the interstitial spaces. This had an impact on the sediment 
electrical conductivity of the site. The negatively charged clay minerals (Waisel 1972) promoted 
the absorption of cations such as sodium (Na
+
) which resulted in high sediment electrical 
conductivity and low vegetation cover.  
 
Due to high sediment electrical conductivity, a salt crust was observed on the surface sediment, 
which hindered vegetation growth and resulted in vegetation being restricted to the landward 
fringe (Figure 3.51 A). Throughout the study extremely high electrical conductivity (44.0 ± 4.7 mS, 
N = 48) was observed at Listers Point. As a result of the high sediment electrical conductivity and 
dry exposed conditions, vegetative dieback was evident, resulting in low plant cover and species 
richness (the maximum species richness was three during the study period). High sediment 
electrical conductivity would have inhibited seed germination and resulted in low vegetation cover. 
Obligate halophytes (plants which require saline environments throughout their life cycle) require 
low salinity conditions for seed germination (Chapman 1975). Bate and Taylor (2008) also 
measured high surface sediment salinity at this site. They attributed this to the water percolating to 
lower sediment layers and leaving high salt concentrations. Due to drought and reduced water 
flow, the surface sediment had cracks at some points along the transect. 
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Figure 5.2 (A) In 2008, a compartment of South Lake, in close proximity to the Brodie‟s Shallows, 
was the only area with abundant submerged macrophytes (Photo R Taylor, 22 June 2009); (B) 
Intertidal reeds, lining the Narrows and also circular colonies of reeds observed in the shallow 
water column (Photo R Taylor, 21 January 2009); (C) Stagnant pools of freshwater along the 
Catalina Bay transect due to the shallow depth to the water table (February 2006); (D) Shell rich 
surface sediment was observed at Charters Creek and Listers Point (May 2010). 
 
5.4. Conservation and management 
A threat facing the iSimangaliso Wetland Park and the diversity of macrophyte habitats is the 
encroachment of informal gardens in the Mfolozi and Mkuze swamps. Cultivated land is observed 
in the floodplain, within the iSimangaliso Park boundary especially at the vicinity of the Mfolozi 
Estuary banks. Cultivated land results in changes in vegetation distribution and cover and 
reduction of the swamp forest. Swamp forest is observed along the banks of Mfolozi Estuary, in 
the vicinity of the Back Channel and at the Narrows. Swamp forest was the most disturbed 
vegetation type as a result of clearing. Swamp forest species such as Ficus trichopoda, were 
A B 
C D 
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observed as rounded canopies on the aerial photographs, on river and estuary margins. The 
dominant species were Barringtonia racemosa, Ficus trichopoda and Bridelia micrantha. In 1960, 
swamp forest was dense and intact; however as the years progressed large areas were converted 
to informal gardens. This is common in reserves with neighbouring communal land. Mapedza et al. 
(2003) reported on the Mafungautsi Forest Reserve (in the Zambezi River catchment), in 
Zimbabwe and showed that between 1978 and 1983, when the authorities were not very strict, 
community members established illegal gardens in the reserve, but the land was claimed back, 
when the boundary of the reserve was put into effect. González-Samperin et al. (2008) also had 
similar findings in his research on Lakes in Spain, in the Central Ebro Basin, that were threatened 
by human activities such as deforestation and  transformation of  land for agricultural purposes. 
Uncontrolled fires are also a threat, at the Mkuze Swamp fires are used to burn dry reeds and 
prepare the land for pastures for feeding cattle (Stormanns 1987). This in turn results in habitat 
loss as the Mkuze reeds are a breeding area for birds.  
 
Unlike other estuarine systems, encroaching development and industrialization is not a problem in 
the St Lucia system as it is a protected area. Development is concentrated at the Narrows, mainly 
slipways and Jetties; however there are major impacts in the catchment areas. Anthropogenic 
impacts, in the past such as alterations of the mouth, canalization of the Mfolozi Swamps and the 
construction of Warner‟s Drain have had an impact on water quality and vegetation distribution. 
Mouth alterations, maintaining a permanently open mouth since 1951 (Anon 1965), had an impact 
on the salinity and the water level of the water column during drought periods. Canalization of the 
Mfolozi floodplain and the construction of the Warner‟s Drain resulted in the swamp losing its 
ecological role of trapping sediment, resulting in high turbidity and large loads of silt swept by 
runoff during floods. 
  
To remedy the negative water balance of St Lucia Estuary, scientists conducted research on the 
system‟s flora, fauna and created simulation mathematical models (Lawrie and Stretch 2008; 
Lawrie and Stretch 2011b). Lawrie and Stretch (2008) supported relinking Mfolozi to St Lucia 
Estuary through the Back Channel because freshwater inflow from Mfolozi River is essential for 
the proper functioning of St Lucia Estuary. In 2011, the 2
nd
 Back Channel was widened to increase 
the flow of water from Mfolozi to the Narrows; this increased water input and resulted in higher 
water levels at St Lucia Estuary. There have been concerns (Cyrus et al. 2008) on how the link 
would affect flora and fauna of Mfolozi Estuary as there is sparse data available on the flora and 
fauna of the Mfolozi. On 5 November 2011, Mfolozi Estuary was breached to prevent flooding of 
sugarcane farms on the Mfolozi Swamp; this reduced the quantity of water entering St Lucia 
Estuary. Funding obtained from the Global Environmental Facility (GEF) will be used for future 
investigations on rehabilitating St Lucia Estuary (newsflash@isimangaliso.com) by facilitating 
these links.  
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5.5. Conclusion and Recommendations 
The current study supports the findings of Taylor et al. (2006 a) that salinity and water level 
fluctuation have a significant influence on the distribution of macrophytes at St Lucia, leading to 
the expansion and reduction of habitat area. Low water levels result in the exposure and 
desiccation of submerged macrophytes, which are replaced by macroalgae. Under high water 
level and low water column salinity, submerged macrophytes flourish in the system. Extreme 
vegetation changes were observed at Makakatana, Brodie‟s Shallows and the Western shores 
due to a decrease in water level. At Brodie‟s Shallows during periods of severe drought, the 
exposed sand was colonised by saline lawn and succulent salt marsh (343.2 ha in 2008), and 
during shallow water level conditions the area was colonised by submerged macrophytes. In 2008 
and 2011, Brodie‟s Shallows was colonised by succulent salt marsh (Figure 4.12 D). Circular 
colonies of succulent salt marsh with sparse mats of saline grass were observed on aerial and 
oblique photographs.  This colonization occurred at all sites along the shores of St Lucia Estuary  
where sediment was exposed and not too saline. 
 
Climate change will have regional impacts on rainfall and evaporation and is predicted to increase 
the severity of natural disasters (Mishra and Singh 2010). In the St Lucia system this could result 
in increased frequency, severity and extended drought periods, resulting in high disturbance of 
intertidal vegetation due to non-tidal conditions as a result of extended mouth closure. Climate 
change will result in an increased severity of storms which will also influence the vegetation. 
Intertidal vegetation is more susceptible to climate change events such as flooding, from previous 
literature it is indicated that Cyclone Domoina and Imboa devastated the intertidal vegetation, 
uprooted mangrove trees and washed away leaf litter and propagules (Steinke and Ward 1989). 
There was a loss of mangrove cover at the Narrows as a result of inundation of the 
pnuematophores and highly turbid water which affected gaseous exchange. Extended periods of 
inundation also had negative impacts on other intertidal vegetation such as Phragmites australis 
and Hibiscus tiliaceus (DWAF 2004). Sea level rise will result in saltwater intrusion that will kill 
intertidal vegetation; mangroves would be killed by inundation. Flooding would result in mass 
mortality of mangroves because of inundation of the pnuematophores, which causes decay under 
extended periods of inundation and highly variable water column salinity would result in osmotic 
stress (Choy and Booth 1994). Low-lying areas of St Lucia Estuary will be flooded due to sea level 
rise. This will result in the loss of habitat for grass and shrub at Vincent Island and Dry Phragmites 
habitat at Fanies Island and Selley‟s Lakes. Swamp forest communities along the Mfolozi 
floodplain will be lost due to inundation with hypersaline water.  Devastating impacts were 
observed during Cyclone Gamede (Bate and Taylor 2008) when swamp forest was rapidly killed 
by saltwater intrusion. At the Eastern Shores, groundwater-fed communities will be negatively 
influenced by sea level rise; inundation with hypersaline water will kill the groundwater-fed 
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community. The distribution and abundance of salt marsh is strongly influenced by sediment 
conductivity and the water level. High water levels result in salt marsh die-back, as a result of 
prolonged inundation (Ward 1976; Berruti 1978; Ward 1982; Adams and Bate 1994). However, the 
predicted 10 % increase in rainfall (Taylor 2006) and low development in the St Lucia floodplain 
should encourage landward expansion of the plant habitats. 
 
To maintain and improve the ecological health of St Lucia Estuary, it would be essential to monitor 
the Mfolozi Swamp vegetation and the ground seepage sites of the Eastern Shores, as they play a 
significant role in the functioning of the St Lucia system. The groundwater seepage sites result in 
high species richness and the Mfolozi Swamp is habitat for fauna, intact components trap 
sediment. GIS can be employed in monitoring the expansion of informal gardens and changes in 
vegetation cover. Clearing, monitoring and mapping alien invasives, such as Chromolaena 
odorata along the Western Shores is essential as they have adverse impacts on flora (suppressing 
growth) and fauna (alter the habitat microclimate).  During severe drought the intertidal habitat of 
the Narrows is dry, non-tidal and not optimal for mangrove recruitment and establishment. This 
has resulted in the absence of seedlings and dominance of adults exceeding 2 m in height. It 
would be important to conduct a study on the impact of drought on the population structure of 
mangroves along the Narrows. 
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7. Appendices 
7.1. Appendix 1 
Table 1:  Listers Point, correlation between moisture content and organic content 
 
Spearman Rank Order Correlations (Stats) Listers Point
Marked correlations are signif icant at p <.05000
Variable Top MC Top OC Mid MC Mid OC Bot MC Bot OC
Top MC
Top OC
Mid MC
Mid OC
Bot MC
Bot OC
1.000000 0.760178 0.803337 0.733927 0.638622 0.454545
0.760178 1.000000 0.659622 0.890990 0.451158 0.506494
0.803337 0.659622 1.000000 0.736151 0.770751 0.607002
0.733927 0.890990 0.736151 1.000000 0.636364 0.636364
0.638622 0.451158 0.770751 0.636364 1.000000 0.832863
0.454545 0.506494 0.607002 0.636364 0.832863 1.000000  
 
 
Table 2: Catalina Bay, correlation between moisture content and organic content 
 
Spearman Rank Order Correlations (Stats) Catalina Bay
Marked correlations are signif icant at p <.05000
Variable Top MC Top OC Mid MC Mid OC Bot MC Bot OC
Top MC
Top OC
Mid MC
Mid OC
Bot MC
Bot OC
1.000000 0.496607 0.085747 -0.095588 0.809147 0.478261
0.496607 1.000000 0.146672 -0.019608 0.510025 0.783529
0.085747 0.146672 1.000000 0.477008 0.559441 0.446429
-0.095588 -0.019608 0.477008 1.000000 0.405594 0.727273
0.809147 0.510025 0.559441 0.405594 1.000000 0.746682
0.478261 0.783529 0.446429 0.727273 0.746682 1.000000  
 
 
Table 3: Charters Creek, correlation between moisture content and organic content 
 
Spearman Rank Order Correlations (Stats) Charters Creek
Marked correlations are signif icant at p <.05000
Variable Top MC Top OC Mid MC Mid OC Bot MC Bot OC
Top MC
Top OC
Mid MC
Mid OC
Bot MC
Bot OC
1.000000 0.457620 0.649833 0.272080 0.639600 0.393993
0.457620 1.000000 0.309455 0.283204 0.564405 0.477642
0.649833 0.309455 1.000000 0.664071 0.554171 0.277419
0.272080 0.283204 0.664071 1.000000 0.361958 0.221357
0.639600 0.564405 0.554171 0.361958 1.000000 0.704116
0.393993 0.477642 0.277419 0.221357 0.704116 1.000000  
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Table 4: Makakatana, correlation between moisture content and organic content 
Spearman Rank Order Correlations (Stats) Makakatana
Marked correlations are signif icant at p <.05000
Variable Top MC Top OC Mid MC Mid OC Bot MC Bot OC
Top MC
Top OC
Mid MC
Mid OC
Bot MC
Bot OC
1.000000 0.332645 0.637975 0.070180 0.314794 -0.042937
0.332645 1.000000 0.150453 0.369628 0.011346 0.158621
0.637975 0.150453 1.000000 0.155442 0.611123 0.186207
0.070180 0.369628 0.155442 1.000000 0.137501 0.155301
0.314794 0.011346 0.611123 0.137501 1.000000 0.482536
-0.042937 0.158621 0.186207 0.155301 0.482536 1.000000  
 
 
Table 5: Correlation between surface sediment redox potential and surface sediment organic 
content at Listers Point (r= 0.22, N = 9, p> 0.05) 
Correlations (Stats)
Marked correlations are significant at p < .05000
(Casew ise deletion of missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Top OC
Top redox
36.0000 12.01041
169.4444 35.87865 0.217559 0.047332 0.589733 0.573904 9 146.0476 
 
 
Table 6: Correlation between middle sediment redox potential and middle sediment organic 
content at Listers Point (r= -0.31, N = 9, p> 0.05) 
Correlations (Stats)
Marked correlations are significant at p < .05000
(Casew ise deletion of missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Mid OC
Mid redox
45.3333 18.18653
120.7778 42.80414 -0.308516 0.095182 -0.858115 0.419238 9 153.6956 
 
 
Table 7: Correlation between bottom sediment redox potential and bottom sediment organic 
content at Listers Point (r= -0.56, N = 7, p> 0.05)   
Correlations (Stats)
Marked correlations are significant at p < .05000
(Casew ise deletion of missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Bot OC
Bot redox
44.57143 17.61493
38.14286 87.56413 -0.562700 0.316631 -1.52207 0.188482 7 162.8177 
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Table 8: Correlation between surface sediment redox potential and surface sediment organic 
content at Catalina Bay (r= -0.53, N = 9, p> 0.05) 
Correlations (Stats)
Marked correlations are signif icant at p < .05000
(Casew ise deletion of missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Top OC
Top redox
20.6667 5.09902
164.8889 87.45634 -0.533235 0.284340 -1.66769 0.139314 9 353.9028
 
 
Table 9: Correlation between middle sediment redox potential and middle sediment organic 
content at Catalina Bay (r= -0.43, N = 7, p> 0.05) 
Correlations (Stats)
Marked correlations are significant at p < .05000
(Casew ise deletion of missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Mid OC
Mid redox
27.1691 17.59694
185.8571 70.02721 -0.425993 0.181470 -1.05286 0.340604 7 231.9153 
 
 
Table 10: Correlation between bottom sediment redox potential and bottom sediment organic 
content at Catalina Bay (r= 0.48, N = 4, p>0.05) 
Correlations (Stats)
Marked correlations are significant at p < .05000
(Casew ise deletion of missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Bot OC
Bot redox
21.1808 4.05906
186.2500 36.26178 0.481290 0.231640 0.776496 0.518710 4 95.18056 
 
 
Table 11: Correlation between surface sediment redox potential and surface sediment organic 
content at Charters Creek (r= 0.31, N = 9, p>0.05) 
Correlations (Stats)
Marked correlations are signif icant at p < .05000
(Casew ise deletion of  missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Top OC
Top redox
21.3333 15.35415
189.5556 68.85694 0.310281 0.096274 0.863547 0.416441 9 159.8706 
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Table 12: Correlation between middle sediment redox potential and middle sediment organic 
content at Charters Creek (r= 0.02, N = 9, p> 0.05) 
Correlations (Stats)
Marked correlations are significant at p < .05000
(Casew ise deletion of missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Mid OC
Mid redox
17.0000 7.7621
249.6667 115.8954 0.024178 0.000585 0.063987 0.950770 9 243.5297 
 
 
Table 13: Correlation between bottom sediment redox potential and bottom sediment organic 
content at Charters Creek Charters Creek (r= -0.39, N = 9, p> 0.05) 
Correlations (Stats)
Marked correlations are significant at p < .05000
(Casew ise deletion of missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Bot OC
Bot redox
22.5556 7.8916
177.7778 159.0674 -0.388043 0.150578 -1.11395 0.302080 9 354.1980 
 
 
Table 14: Correlation between surface sediment redox potential and surface sediment organic 
content at Makakatana (r= 0.2, N = 12, p> 0.05) 
Correlations (Stats)
Marked correlations are significant at p < .05000
(Casew ise deletion of missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Top OC
Top redox
12.2500 2.56285
155.4167 26.22788 0.205234 0.042121 0.663124 0.522242 12 129.6874 
 
 
Table 15: Correlation between middle sediment redox potential and middle sediment organic 
content at Makakatana (r= -0.093, N = 12, p> 0.05) 
Correlations (Stats)
Marked correlations are significant at p < .05000
(Casew ise deletion of missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Mid OC
Mid redox
14.1667 2.20880
154.6667 30.20034 -0.093126 0.008672 -0.295776 0.773452 12 172.7050 
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Table 16: Correlation between bottom sediment redox potential and bottom sediment organic 
content at Makakatana (r= 0.26, N = 8, p>0.05) 
Correlations (Stats)
Marked correlations are signif icant at p < .05000
(Casew ise deletion of  missing data)
Var. X &
Var. Y
Mean Std.Dv. r(X,Y) r² t p N Constant
dep: Y
Bot OC
Bot redox
19.3750 6.50137
176.5000 24.69818 0.261120 0.068184 0.662599 0.532200 8 157.2805 
 
 
7.2. Appendix 2 
Table 1: A list of aerial images employed in creating the 1960 map. The scale of photography is 1: 
40 000, Job No. 442; the source is the Chief directorate: National Geo-Spatial Information and the 
photographs were taken between June and July 1960. 
 
442_004_02489 442_007_02028 442_011_01825 
442_004_02491 442_007_02030 442_012_01729 
442_005_02112 442_007_02031 442_013_01716 
442_005_02115 442_008_01947 442_020_02271 
442_005_02117 442_008_01948 442_020_02272 
442_006_02048 442_008_01951 442_020_02274 
442_006_02049 442_009_01919 442_020_02275 
442_006_02051 442_009_01922   
442_006_02054 442_009_01923   
442_007_02026 442_010_01842   
    
Table 2: A list of aerial images employed in creating the 2001 map. The scale of photography is 1: 
30 000, Job No. 1045-2001; the source is the Chief directorate: National Geo-Spatial Information 
and the photographs were taken in 2001. 
 
1045_004_00009 1045_006_00011 1045_008_00128 1045_013_00039 
1045_004_00089 1045_006_00013 1045_008_00129 1045_014_00048 
1045_004_00091 1045_006_00014 1045_009_00086 1045_015_00063 
1045_004_00092 1045_007_00067 1045_009_00087 1045_016_00068 
1045_004_00094 1045_007_00068 1045_009_00088 1045_016_00070 
1045_004_00095 1045_007_00070 1045_009_00090 1045_016_00071 
1045_004_00096 1045_007_00071 1045_010_00100 1045_016_00072 
1045_004_00116 1045_007_00072 1045_011_00109 1045_019_00009 
1045_005_00000 1045_007_00074 1045_011_00110 1045_020_00014 
1045_005_00110 1045_008_00124 1045_012_00021 1045_020_00015 
1045_005_00113 1045_008_00125 1045_012_00022 1045_021_00037 
1045_005_00114 1045_008_00127 1045_013_00038 1045_021_00039 
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Table 3: A list of geo-referenced images employed in creating the 2008 map. The images had the 
following metadata; D Hartebeesthoek 1994 geodetic datum and a Transverse Mercator 
projection. Job No. LO2550 Umkhanyakude, the images were taken between July 2008 and 
August 2008; source. Land Resources International (Pty). 
 
2832AD_03B.sid 2732CD_23A.sid 2732DC_17D.sid 2832AB_10D.sid 2832AD_04A.sid 
2732CD_09A.sid 2732CD_23B.sid 2732DC_21A.sid 2832AB_12A.sid 2832AD_04B.sid 
2732CD_09B.sid 2732CD_23C.sid 2732DC_21B.sid 2832AB_12B.sid 2832AD_04C.sid 
2732CD_09C.sid 2732CD_23D.sid 2732DC_21C.sid 2832AB_12D.sid 2832AD_04D.sid 
2732CD_09D.sid 2732CD_24A.sid 2732DC_21D.sid 2832AB_13A.sid 2832AD_05A.sid 
2732CD_10A.sid 2732CD_24B.sid 2732DC_22A.sid 2832AB_13B.sid 2832AD_08A.sid 
2732CD_10B.sid 2732CD_24C.sid 2732DC_22C.sid 2832AB_13C.sid 2832AD_08B.sid 
2732CD_10C.sid 2732CD_24D.sid 2832AB_02D.sid 2832AB_13D.sid 2832AD_09A.sid 
2732CD_10D.sid 2732CD_25A.sid 2832AB_03A.sid 2832AB_14A.sid  2832AD_09B.sid 
2732CD_12A.sid 2732CD_25B.sid 2832AB_03B.sid 2832AB_14B.sid 2832AD_09C.sid 
2732CD_12B.sid 2732CD_25C.sid 2832AB_03C.sid 2832AB_14C.sid 2832AD_13B.sid 
2732CD_12C.sid 2732CD_25D.sid 2832AB_03D.sid 2832AB_14D.sid 2832AD_13D.sid 
2732CD_12D.sid 2732DC_06A.sid 2832AB_04A.sid 2832AB_15A.sid 2832AD_14A.sid 
2732CD_13A.sid 2732DC_06B.sid 2832AB_04B.sid 2832AB_15B.sid 2832AD_14C.sid 
2732CD_13C.sid 2732DC_06C.sid 2832AB_04C.sid 2832AB_15C.sid 2832AD_17D.sid 
2732CD_13D.sid 2732DC_06D.sid 2832AB_04D.sid 2832AB_17A.sid 2832AD_18A.sid 
2732CD_14A.sid 2732DC_07A.sid 2832AB_05A.sid 2832AB_17B.sid 2832AD_18B.sid 
2732CD_14B.sid 2732DC_07B.sid 2832AB_05B.sid 2832AB_17C.sid 2832AD_18C.sid 
2732CD_14C.sid 2732DC_07C.sid 2832AB_05C.sid 2832AB_18A.sid 2832AD_18D.sid 
2732CD_14D.sid 2732DC_07D.sid 2832AB_05D.sid 2832AB_19A.sid 2832AD_19A.sid 
2732CD_15A.sid 2732DC_11A.sid 2832AB_07A.sid 2832AB_19B.sid 2832BA_01A.sid 
2732CD_15B.sid 2732DC_11B.sid 2832AB_07B.sid 2832AB_19C.sid 2832BA_01B.sid 
2732CD_15C.sid 2732DC_11C.sid 2832AB_07C.sid 2832AB_19D.sid 2832BA_01C.sid 
2732CD_15D.sid 2732DC_11D.sid 2832AB_07D.sid 2832AB_20A.sid 2832BA_01D.sid 
2732CD_18A.sid 2732DC_12A.sid 2832AB_08A.sid 2832AB_20C.sid 2832BA_02A.sid 
2732CD_18B.sid 2732DC_12B.sid 2832AB_08B.sid 2832AB_24A.sid 2832BA_06A.sid 
2732CD_18C.sid 2732DC_12C.sid 2832AB_08C.sid 2832AB_24B.sid 2832BA_06B.sid 
2732CD_18D.sid 2732DC_12D.sid 2832AB_08D.sid 2832AB_24C.sid 2832BA_06C.sid 
2732CD_19A.sid 2732DC_16A.sid 2832AB_09A.sid 2832AB_24D.sid 2832BA_06D.sid 
2732CD_19B.sid 2732DC_16B.sid 2832AB_09B.sid 2832AB_25A.sid 2832BA_11A.sid 
2732CD_19C.sid 2732DC_16C.sid 2832AB_09C.sid 2832AB_25B.sid 2832BA_11B.sid 
2732CD_20A.sid 2732DC_16D.sid 2832AB_09D.sid 2832AB_25C.sid   
2732CD_20B.sid 2732DC_17A.sid 2832AB_10A.sid 2832AB_25D.sid   
2732CD_20C.sid 2732DC_17B.sid 2832AB_10B.sid 2832AD_03C.sid   
2732CD_20D.sid 2732DC_17C.sid 2832AB_10C.sid 2832AD_03D.sid   
 
 
 
 
